


THE JOURNAL 

or 

PHARMACOLOGY 

AND 

EXPERIMENTAL THERAPEUTigS 

TOtnrDTD BT JOHH J ABIC, 


OFFICIAL PUBLICATION 

OF THE AMER ICAN SOCIETY FOR PHARMACOLOGY AND 
EXPERIMENTAL THERAPEUTICS INCORPORATED 

Ediitd for tki Society by 

M K. Gnmro P D Law boh E. K Mamhall, Jm. 

E Hutoemoh Wh. deB MacNjdib Gael F Schmidt 


In Allocation vilk 

THE BRITISH PHARMACOLOGICAL SOCIETY 
Rrprtitnlod bp 

J A. Gtmr Sib Hexxt H Da lb J H Bobh 


VOLUME 71 
1911 

BALTIMORE, MARYLAND 


Reprinted by permission of The IV lIHsmi *nd Wilkins Company Baltimore, Md. 

JOHNSON REPRINT CORPORATION 
111 Fifth Avenue, New York 3, New York 

Johnson Reprint Company Limited 
Berkeley Square House, London, W 1 



First reprinting, 1963, Johnson Reprint Corporation 



CONTENTS 


NtMBmi 1 Jahuast 1911 

L The Tojdcity of Strontium and Caldum. Verta V Cole Ben K 
Harned and Roberta Hafkesbnng 1 

IL The Action of Strontium and Calcium on the Uterus Ben K. H aimed 

and Versa V Cole 6 

1IL The Effect of Para Amlnobenxoic Acid on the Bacteriostatic Action 
Produced by Sodium Pamnitrobenioate on a Strain of Streptococcus 
Vlridana. John X Miller 14 

IV Some Toxicological and Pharmacological Properties of the Proteolytic 

Enzyme Fiein QanaMolitor Charles W Musbett and Samuel Kuna 20 
V A Comparison of the Infantile and Adnlt Rat Methods for the Assay of 

the Oestrus-Inducing Gonadotrophic Substance. R, D Beard 30 

VI The Electrolytic Dissociation of Morphine Derivatives and Certain 
Synthetic Analgetic Compounds. Fred W 0 be rat and Howard L 
Andrews 38 


VII The Effects of Certain Chemical Change* on the Addiction Character 

Istica of Drugs of the Morphine, Codeine Series C K Hlmmelebaeh 42 
VIII A Comparison of the Response of Vaws and Syphilis in the Rabbit to 
Therapy with Maphaisen and Neoaraphenamine B J Longley 


N M. Clausen and A L, Tatum- 49 

IX. Chemotherapeutic Activity of NVAcylaulfanllbydroxamldes Bettylee 

Hampfl G W Webster and Maurice L. Moore S2 

\ The Local Anesthetic Activity and Toxicity of Alkamlne Esters of 
p-Fluorobenioic Add E. E Campalgne A. C Starke Jr L.B 
Fosdick and C A Dragstedt 50 

\I Further Study of Central Stimulation from Sympathomimetic Amines 
J W Schulte, E.C Rdf J A Bacber Jr W 8 Lawrence andM L. 
Talnter 63 

XII. Pharmacological Studies in Experimental Alcoholism. L The Effect of 
Sympathomimetic Substanoes on the Blood Alcohol Level in Mam 
Max Rlnkel and Abraham Myervon 76 

\III The Potentiation and Paralysis of Adrenergic Effects by Ergotoxine and 

Other Substances Chang-flhaw Jang 87 

\IV Adrenaline Destruction in the Liver and Methylene Blue. Flora J 

Phi I pot and G Cantool 05 


NtrMBia 3, FasacxHT 1941 

\V Experiences with the Biologicsl Ass^y of Several Sympathicotonic 
flubs tan cee Including Epinephrine Axel M Hjort Edwin J 
deBeer and Lowell O Randall 105 

XVI. Studies on Pari fled Digitalis Glneoaldes III The Relationship Be- 
tween Therapeutic and Toxie Potency McKeen Cattell and Harry 
Gold 114 

m 



IV 


CONTENTS 


XVII 

XVIII 


XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

XXV 
XXVI 

XXVII 

XXVIII 

XXIX 

XXX 

XXXI 

XXXII 

XXXI 11 

xxx n 

XXXV 

XXXVI 

XXX\ II 
XXXVIII 


Anesthesia III The Pharmacology of Methyl Allyl Ether John C 
Krnntz, Jr , C Jclleff Carr, Sy Ivan Forman and V, G Harne 128 

Studies of the Urinary Excretion of Guanidine Administered Orally to 
Normal Persons and Patients with Myasthenia Gravis A S Minot 
and Helen E Frank 130 

Observations on the Toxicology of Sulfathiazole and Some Related 
Compounds H A Walker and H V \ an Dyke 138 

The Enzymic Inactivation of Substituted Phenyl-propyl-(Sympa- 
thomimetic)-Amines Karl H Boyer 151 

The Enzymatie Deacetylation of Heroin and Related Morphine Deriva- 
tives by Blood Serum C I Wnght 164 

The Action of Berbenne on Mammalian Hearts Chang-Shaw Jang 178 
The Circulatory Action, After Atropine, of Certain Furfuryl Ammonium 
Iodides and of Acetyl-Beta-Methylcboline Chlondo (Mecholyl) 
Edwin J Fellows and A E Livingston 187 

The Toxicity of Dilaudid Injected Intravenoush into Mice M E 
Buchwald and G S Eadie 197 


Number 3, March, 1941 

Effect of Sulfur Compounds in the Diet on Sulfanilamide CyanoBis and 


Anemia. Arthur P Richardson 203 

Toxicity of Naphthoquinones with Vitamin K Activity in Mice 
Michael B Shimkin 210 

Experimental Study of Tolerance to Sulfanilamide in the Albino Rat 
Abraham D Krcms, Arthur W Martin and James M Dille 216 

Effects of Continued Cadmium Feeding Robert H Wilson, Floyd 
DcEds and Alvin J Cox, Jr 222 

On the R61e o! the Liver in the Detoxification of Steroid Hormones and 
Artificial Estrogens Hans Sely e 236 

The Distribution of Injected Organic Disclemdcs in Tissues of Tumor- 
Bcanng Animals Saul B Gusberg, Paul Znmccnik and Joseph C 
Aub 239 

The Estimation by a Manometnc Method of the Activity of Choline- 
sterase in Lymph Dale G Friend and Otto Kray cr 240 

The Rate of Thermal Destruction of Water Balance Principles m 
Pituitary (Posterior Lobe) Extract Assayed by the Burn and Boyd- 
Mack Methods Eldon M Boyd and Roderick W Dingwall 253 

The Biological Estimation of Ergometnne Edwin J deBeer and 
Paul E Tullar 250 

Pharmacologic Responses of Daphnia Magna Torald Sollmann and 
Walter Webb 261 

The Effects of Sodium Diphenyl Hydantoinatc (Dilantin) on VitamlD C 
Level in Tissues and Vitamin C Excretion in Rats Miles E Drake, 
Charles M Gruber and Victor G Haury 268 

The Pharmacology of Some Derivatives of Mono Alpha Secondary 
Furfury lammc and of Di-Alpha Furfuryl Tertiary Amine Michael 
G Mulmos and S Disick 273 

The Action of Methylene Blue Upon Cyanide Poisoning in the Turtle 
J M Johlin 2S0 

The Reabihty of the Cobalt- Isopropy l&mine Color Reaction for Amytal 
The Evaluation of Chromogenic Substances in Urmc R F Krause 
and Richard F Riley 237 



CONTENTS V 

XXX IX. The Effect of Histamine on the Pulmonary Blood Prewar* of Various 
Animals With and Without Anesthesia R. X Woodbury and W F 
Hamilton 293 

Number 4 Arbil, 1941 

XL. Hans Ho rat Meyer 1853-1939 301 

XLI. Cooling Drug* and Cooling Centre* F E Rosenthal 305 

XLII Clearance of the Diethylaminc and Diethanolamine Balt* of 3 6 Dilodo- 
4-Pyridone N Acetic Acid. D X K Black J F Powell and F H 
Kemp 315 

XLIIL A Note on the Pharmacology of Pi(ff>Cyolohexylethyl) Metbylamine 

Hydrochloride (Cyrerine Hydrochloride) Robert X Lehman 317 

XL IV Cyvenne Hydrochloride a New Synthetic Pa pa re rice- Like Compound. 

A Report on Ita Vasodilator Action in Chronic Oeelusive Peripheral 
Vascular Diseases. Roy J PopJdn 330 

XLV The Hal Circulation of Normal Non Aneethetlsed Animals Part 1 
Description of a Method of Observation Theodore P Sohler 
Gladys N Lothrop and Henry 8. Forbes 325 

XLVI. The Fibrillation Threshold after Administration of Digitalis and 

Ouabain. Ren6 Wtgria, J H. Geyer and B 8. Brown 338 

XLYIL Studies In the Absorption, Distribution and Ehmlnation of Alcohol 
VIII The Dmrems from Xeohol and Its Influence on the Elimination 
of Alcohol In the Urine Howard W Haggard Leon X Greenberg snd 
Richard P Carroll 340 

XLVIII The Reduction of Neoprontoall by Tissue* in Vitro Frederiok 

Bern helm 344 

XL IX. The Electrocardiogram In Acute Emetine Intoxication Linn J Boyd 

M.D F.A.C P„ and David Scberf M.D 383 

L. Studies on the Absorption Distribution and Elimination of AleohoL 
IX. The Concentration of Xeohol in the Blood Causing Primary 
Cardiac Fail arc H. W Haggard, L. A. Greenberg L. H. Cohen and 
N llakieten. 358 

LI Effects of Morphine and Ita Derivatives on Intermediary Metabolism 
IL The Influence of Thiamin Deficiency on the Respiration of 
Skeletal Muscle and Cocarboxylsae Content of Tissues of Normal 
and Chronically Morphinlied Rata. F E. Bhldsman and M. H 
See vers 833 

LII Effects of Morphine and Its Derivative* on Intermediary Metabolism 
L Th* Influence of Morphine, Codeine and Thebalne on the Activity 
of Several Dehydrogenase* and on the Respiration of Rat Cerebrum. 

M. H. Seeveraanf F E. Ehldeman 373 

LILL The Action of Vitamin C and Phenol Oxidase In the Inactivation of 

Beta PhenyUsopropyiamlne (Amphetamine) Karl H. Beyer 394 




THE TOXICITY OF STRONTIUM AND CALCIUM 


VERBA V COLE, BEN K. HARNED and ROBERTA HAFKESBRILG 
From tit Laboralonet of Pharmacology and Phyiirtoffy BVman t Mtdtcal 
ColUgt of Ptnntylcania, Pkiladilphia, Per. 

Received for pnWleaUon September 14 1M0 

The close chemical relationship of strontium to calcium and its ability 
to replace calcium in Ringer Locke solutions (1,2) led the authors to investigate 
the relative toxidties of the two ions in rats and mice and to make some 
observations on the site of action of lethal quantities. Although the liters 
turc contains a few data on tho toxicides of these ions, comparable dosage- 
mortality curves are not available for any species. 

METHODS 

The acetates of strontium and calcium and an equhnolecular mixture of the 
two were administered intravenously to unanesthetued rata and mice and to 
a few anesthetized rats Each solution was injected in a concentration of 
233 raillimola per liter at a rate averaging 0.3 milhmola per minute through 
the saphenous vein of the rat, and as fast as a moderate thumb pressure and a 
28 gauge needle would permit through the tail vein of the mouse. Twenty 
animals were used for each point in the curves on toxicity (fig 1) 

The cardiac changes ra 24 rats equally divided between strontium and 
calaum, were followed with the electrocardiograph 

RESULTS 

Strontium acetate proved considerably less toxic than an equhnolecular 
quantity of calcium acetate in mice (fig 1) With an injection of 1 16 
millimole per kilogram, the mortality was 5 per cent from strontium but 70 
per cent from calaum. The chance that these figures are the same is leas 
than 1 in 10 000 000 Strangely enough the tenacity of the equhnolecular 
mixture of strontium and calcium was slightly greater than that expected by 
calculating the total concentration of cations as that of the most toxic ion 
(fig 1) All of the deaths in mice occurred within an hour and most of them 
within a few minutes. 

With rats the difference in toxicity between strontium and calcium was 
not great and a si gnifica nt distinction appeared only m the smaller doses 
Representative of this range is 0 93 millimola per kilogram (fig 1) with a 
chance of 2 m 1000 that the difference is not significant. There is no signifi 
1 
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cant difference between the toxicities of strontium and calcium acetates above 
1 39 millimols per kilogram in the rat For example, at 1 86 milhmols per 
kilogram the chances that the difference is not significant arc 37 in 100 Rats 
succumbing to strontium died w lthm 70 minutes with an average of 7 3, 
while those succumbing to calcium died within 12 hours with an average of 
70 minutes The chances that this difference is not agnificant arc about 6 
in 100 At 60 minutes, 98 per cent of those succumbing to strontium and 84 
per cent of those succumbing to calcium were dead When strontium and 
calcium were combined in equtmolecular quantities, the toxicity of the 



Fio 1 Intravenous Toxicity of Strontium and Calcium 
O Strontium ncetatc • Calcium acetate G Strontium and calcium acetate* 
(equimolecular mixture) Each point represents 20 animals 

mixture was about equal to that of the strontium component alone, in the 
range up to a mortnhtj of 85 per cent, a result m marked contrast to that 
obtained with mice Locsser and Konwiser (3) comparing intnncnouslj 
injected strontium chloride, bromide and iodide with calcium chloride re- 
ported that with rats the 11LD for strontium was 140 milhmols per 
kilogram and for calcium 1 52 

When 'odium pentobarbital was administered intmpentoncallj in a dore 
of 30 mgm per kilogram, 10 to 30 minutes before the injection of the stron- 
tium or calcium, the toxicity of the former was decreased markedly, while 
that of the latter was not altered significantly V> ith a dose of I 86 milhmols 
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tinuouily in t raven outly until respiratory or cardiac failure occurred The heart 
rate represent* the average before the onset of Irregular! tie*. 
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per kilogram the fatalities from strontium were 45 per cent with the barbi- 
turate and 90 per cent without it, and the chance that this difference is not 
significant is less than 1 m 1000 Using an equimolecular quantity of calcium 
acetate, the fatalities were 95 per cent with the pentobarbital as compared 
to 75 per cent without it The chances that this difference is not significant 
are 14 inlOO Convulsions preceded death usually with strontium, but much 
less frequently with calcium 

Electrocardiograms taken from rats given 30 mg m per kilogram of sodium 
pentobarbital, to facilitate the manipulations, and subsequently strontium 
or calcium acetate intravenously, disclosed a striking difference in the site 
of action of lethal doses of these ions A control tracing was taken after the 
pentobarbital but before the strontium or calcium, and following the in- 
jection of 0 7 millimols of strontium or calcium per kilogram, a second tracing 
was started and continued with the injection of the drug until the death of 
the animal The results are shown in table 1 

With strontium the only consistent change in the cardiac activity was a 
slight slowing in rate Of the 12 rats studied, only one showed a cardiac 
irregularity before cessation of respiration Irregularities were not apparent 
until more than one-half minute after respiration had ceased, these were 
probably asphyxial and should not be attributed to the drug Autopsies of 
these rats immediately after cessation of respiration (table 1) showed hearts 
beating regularly 

The electrocardiographic studies following the injection of calcium acetate 
are in direct contrast to those after strontium Respiratory failure caused 
death in only one of the 12 rats examined In every other case respiration 
continued after definite cardiac failure With calcium the cardiac changes 
were not uniform In sev oral cases there were prolongation of the P-R 
interval, dropped beats, and block before complete cessation of ventricular 
activity In the majority of cases defective intraventricular conduction was 
shown in prolonged Q R S intervals, and in some, a definite shifting of the 
S-T segment occurred These changes were followed by a cessation of the 
ventricular beats, and a flutter or fibrillation of the atria Similar effects 
from calcium were obtained m the rabbit heart by Hoff and Nahum (4) 
In several cases (table 1) while the electrocardiogram was being taken, def- 
inite changes could be seen Then, following cessation of the ventricular 
beats but while the animal was still breathing, the chest was opened, and 
examination showed contracted ventricles and fibnllating atna 

SUJrUAKT 

1 The relative toxicity of intrav enouslj administered strontium and 
calcium depends on the species tested In rats the toxicity of strontium 
exceeds slightly that of calcium m doses producing a mortality less than 



TOXICITY or STRONTIUM AND CALCIUM 


5 


60 per oent, but in larger doses there is no significant difference between these 
ions. In mice strontium is much less toxic than calcium 

2 An equlmolecular mixture of strontium and calcium acetates in rats 
exhibits a toxicity equal to that of the most toxic km regardless of the other 
ion in the range up to a mortality of 85 per cent. In mice the mixture of the 
ions exerts a synergistic action producing a mortality slightly higher than that 
expected by calculating the total concentration of cations as that of the most 
toxio ion 

3 Strontium is partially antagonised by pentobarbital, but calcium is not 
i Electrocardiographic studies showed that strontium produced death by 

respiratory failure in nmety per cent of the rats, and that caldum produced 
death by cardiac failure in exactly the same percentage 
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THE ACTION OF STRONTIUM AND CALCIUM ON THE UTERUS 

BEN K HARNED and VERSA V COLE 

From the Laboratory of Pharmacology, Woman's Medical College of Pennsylvania, 

Philadelphia, Pa 

Received for publication September 14, 1940 

The rAle of calcium in utenne contractility attracted the attention of Blair- 
Bell (1) in 1909 and subsequent experiments, tn vitro (2, 3, 4) and tn vivo 
(5, 6, 7, 8, 9, 10), have established its importance Using isolated uteri from 
the guinea pig, Van Dyke and Hastings (3) found that variations in all of the 
physiologically essential ions singly or together altered the response and 
that changes m the calcium ion concentration produced relatively the greatest 
change in response Danforth and Ivy (9), employing postpartum dogs and 
rabbits for tn vivo studies of utenne activity, observed that the intravenous 
injection of sodium hexametaphosphate, ahich removed the ionic calcium, 
immediately produced complete quiescence even though the uterus had been 
extremely active pnor to the injection The administration of calcium pro- 
duced a prompt return of utenne activity, and according to these authors tho 
action of calcium and its antagonist was as dramatic and almost as prompt 
as titrating acid against base Indeed these results indicate that the per- 
centage of calcium in the uterus, amounting to nearly twice that of the bladder 
muscle, more than twice that of cardiac muscle, and three times that of 
skeletal muscle (11), is not fortuitous 

Although the stimulating action of calcium on the uterus is dramatic under 
appropnate conditions, its value in the treatment of utenne inertia is very 
limited, this indicates that its action leaves much to be desired and suggests 
that a closely related element such as strontium might show an accentuation 
of the oxytocic properties and possibly find a useful place m therapeutics 
Many reports on the pharmacodynamic action of strontium have appeared 
in the literature (12, 13, 14, 15) but with the exception of a few expenments 
by Bonani (14) its action on the uterus has been neglected Previous studies 
indicating that strontium and calcium have toxicities of the same order (16) 
have been confirmed by us (17) 


METHODS 

The data reported in this paper were obtained with isolated utenne stnps of known 
history, removed from rats, guinea pigs, rabbits and dogs except for the dogs all am- 
mnlB were killed bj cervical concussion Two utenne segments, as nearly identical 
as possible, vere immersed in individual 39 cc portions of an oxygenated modified 

6 
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Locie e solution malntfilood at 57.5*0 and simultaneous kyraographlc records of the 
laotonic contraction! were made The modified Locke • solution was prepared without 
eilcium and concentrated »o that for the other ioofl 89 cc. contained the salt equivalent 
of 40 ee of the original Locke • sola t icrn thu* permitting the addition of calcium or 
strontium aoluttons without an objectionable dilution. These solutions were so pre- 
pared that 1 cc contained the calcium or strontium chloride equivalent required for 
40 ee. of the original Locke a solution (18) whose composition (in milUmola per liter) was 
NaCl 157 J KC1 5 fli CaCli 1 62 NaHCO* 1 70 glucose 5.55 The bath was main- 
tained between pH 7.5 and 7 7 by passing the oxygen through 1000 cc of 0 75 per cent 
LaHCOi Tho pH of the bath was determined when the solution was removed from 
the contracting atrip and correaponding baths duplicated each other closely Each 
strip worked with the same leverage (4 8 cm from attachment to fulcrum and 16.5 cm. 
from fulcrum to writing point) and against the same load (0 40 grams, unbalanced 
weight from fulcrum to writing point) 

The aetions of tho paired strips duplicated each other with remarkable precision 
and for the first 25 minutes the contractions resembled those obtained In an unmodified 
Locke s solution but In the course of 35 minutes the character of the contractions Indi 
cated a loss of calcium from the muscle At this time the solutions were replaced with 
fresh 39 cc. portions of the modified Locke s, and following a 10 to 15 minute interval 
calcium was added to one hath and strontium to the other When suitable records had 
been obtained the baths were replaced again by the modified Locke s solution and the 
calcium and strontium Ions were reversed so that each strip was subjected to the action 
of each Ion In some experiments a strip was subjected to the action of only one of the 
Ions however the activity under each Ion was always compared with that of the control 
period for the Individual strip Consequently a satisfactory comparison of the Ions 
does not depend upon tbelr action on the same strip 

Analyses of the records involved a comparison of (a) changes In ton as and the time 
relations Involved (b) the frequency and uniformity of the contractions and (c) the 
total height of ths contractions per unit of time 

RESULTS 

In these experiments the action of strontium or calcium consisted of three 
phases In the first phase cither ion led to relaxation from the tetanic con 
traction which resulted from the pathological increase in the potassium cal 
cium ratio during the washing in Locke s solution containing no calcium (2) 
When tho ions were delicately balanced against potassium the muscle re- 
mained inactive for considerable periods of time In the second phase these 
ions stimulated the muscle to an activity of the normal order and with in- 
creased concentrations produced the third phase a tetanic contraction of 
the uterus 

Preliminary experiments showed that the substitution of strontium for 
calcium increased the frequency but decreased the amplitude of the contrac- 
tions however a mixture of 4 mdlimola of strontium to 1 of calcium (abbrevi 
ated 4Sr-lCa) produced contractions whose rate was dictated by strontium 
but whose amplitude was dominated by calcium Although tho number of 
experiments leading to the adoption of this strontium calcium ratio was not 
large we believe them to have been sufficient to indicate that the range for 
optimal efficiency had been attained the data reported in this paper concern 
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The r61e of calcium m uterine contractility attracted the attention of Blair- 
Bell (1) in 1909 and subsequent experiments, tn vitro (2, 3, 4) and tn mvo 
(5, 0, 7, 8, 9, 10), have established its importance Using isolated uten from 
the guinea pig, Van Dyke and Hastmgs (3) found that variations in all of the 
physiologically essential ions singly or together altered the response and 
that changes m the calcium ion concentration produced relatively the greatest 
change in response Danforth and Ivy (9), employing postpartum dogs and 
rabbits for in vivo studies of uterine activity, observed that the intravenous 
injection of sodium hexametaphosphate, which removed the ionic calcium, 
immediately produced complete quiescence even though the uterus had been 
extremely active prior to the injection The administration of calcium pro- 
duced a prompt return of uterine activity, and according to these authors the 
action of calcium and its antagonist was as dramatic and almost as prompt 
as titrating acid against base Indeed these results indicate that the per- 
centage of calcium in the uterus, amounting to nearly twice that of the bladder 
muscle, more than twice that of cardiac muscle, and three times that of 
skeletal muscle (11), is not fortuitous 

Although the stimulating action of calcium on the uterus is dramatic under 
appropriate conditions, its value in the treatment of uterine inertia is very 
limited, this indicates that its action leaves much to bo desired and suggests 
that a closely related element such as strontium might show an accentuation 
of the oxytocic properties and possibly find a useful place in therapeutics 
Many reports on the pharmacodynamic action of strontium have appeared 
in the literature (12, 13, 14, 15) but with the exception of a few experiments 
by Bonani (14) its action on the uterus has been neglected Previous studies 
indicating that strontium and calcium have toxicities of the same order (16) 
have been confirmed by us (17) 


METHODS 

The data reported in this paper were obtained with isolated uterine strips of known 
history, removed from rate, guinea pigs, rabbitB and dogs, except for the dogs all ani- 
mals were killed by cervical concussion Two uterine segments, as nearly identical 
as possible, were immersed in individual 39 cc portions of an oxygenated modified 
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slum are plotted In figure 1 Concentrations of 0.32 raillimola per liter 
returned the tonus of the strip to that characteristic of its ongmal activity 
and for the uteri postpartum and also in diestrus further additions up to 1 
TABLE I 
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0 

—32 

-72 

0 64 

6 

' 5 

3 

2 

+2 

-6 

0 96 

4 

6 

3 

2 

+61 

+43 

1 28 

2 

2 

0 

2 

+23 

+80 

1 60 

3 

3 

2 

1 

+82 

+63 

2 88 or 3 20 

2 

2 

1 

1 

+112 

+ 61 

Total 

21t 

13 

8 

+233 

+U9 


Four rat* Uteri in die*tru* 


0 S2 

1 

r 

1 

BrnoC* 

0 I 

BraoCa 

+66 

+8 

0 64 

2 

2 

2 

0 

+31 1 

+12 

1 60 

4 

6 

2 

3 

+ 17 

+33 

3 20 

2 

3 

0 

2 

+13 

+20 

Total 


11 

5 

6 ! 

+127 | 

+84 


A cornpariaon of the total height of contraction* per minute with that of the control 
period. 

t A mix tare of 4 mllllmol* of itrontium to 1 of calcium, 
t In 1 trial etrontlum and calcium gave identical response* 

millunol per hter produced no important changes in tonus However con- 
centrations of calcium above 1.30 millunol per liter 1 produced a marked rise 

• The calcium content of eolutiona commonly employed for leolated mammalian 
muacle* range* from 0.63 to 1 62 millimole per liter with 1 00 mllllmol per liter repre 
•anting the uioal concentration 
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in tonus actually exceeding that of the original muscle deficient in calcium, 
Equivalent rises were not produced by 4Sr-lCa. Up to 1 mfllnnol per liter 
the calcium or strontium was always added in email increments (fig 2) 

The difference between the stimulating action of 48r-lCa and calcium is 
illustrated by a comparison of the times required for the return of muscular 
activity following the release of the tetany due to a high potassium calcium 
ratio (fig 2, Aj and Bt, Aj and Bj) An analysis of 28 records showed that 
the activity always returned faster after 4Sr-lCa and the average time re- 
quired was approximately one fifth of that for calcium alone. 

Rale and uniformity of contractions Quantitative comparisons of the 
influence of 48r-lCa on the rate of the maximal contractions show that in 
83 per cent of the trials with postpartum uten the rate is faster in the mixture 
of strontium and calcium. The averages for concentrations of these kms 
ranging from 0 64 to 3.2 mfllimols per liter reveal that 4Sr-lCa produces a 
rate 60 per cent greater than that of calcium. For the record of a typical 
strip sec figure 2, Analogous comparisons on uteri in diestrus are qualita 
tively similar but less striking In 4Sr-lCa the character of the contractions 
is more uniform both in height and duration than in calcium and although 
these differences appear In all concentrations they are exaggerated when these 
ions exceed 2 mfllimols per liter 

Comparisons of the total heights of the contractions per unit of time would 
appear to provide the most satisfactory method of aasessing the relative 
effects of 48r-lCa and calcium on utenne activity Such comparisons have 
been recorded in table 1 where the results are shown as deviations (In per 
cent) of the activity of the Individual strips from the control value The most 
significant differences between the ions were bbtalned with uteri 2-1 to 120 
hour* postpartum When the concentre boos of 48r-lCa or calcium range 
from 0.32 to 3 2 mfllimols per liter the averages consistently show an ad van 
tage in activity for the mixture. In 70 per cent of the trials individual uten 
gave a more satisfactory record of activity in 4Sr-lCa Some of the com- 
parisons were made on muscles damaged by long-continued immersion in a 
I/xflce s solution containing no calcium or by many manipulations, and with 


Flo 2 Emcn or Calcium and Stnoxjtum on the Rat Utnbu* 

Rat killed at 0 65, 64 hours poatpartum and the two uterine atnpe (A segment from 
right uterine horn B. eo me ponding segment from left hom) were placed Immediately 
In oxygenated Looked solution containing do calcium 
Ai Bi control. 

Stripe were changed to freih Locke a eolation containing no calcium at 10 53. 

A, 0.S2 mMola/liter of CflCli added at 11 01 repeated at 11 09 
B u 0.32 mMola/liter of <48r-lCa)CIt added at 11 00. repeated at 11 08 
Stripe were plaoed in freeh Locke t solution containing no caldum at 11 42. 

A h 0JS2 mi lole /11 ter U8r-lCa)01| added at 12 05, 12 14, 12 63 12 56. 

Bt, 0.32 mMola/liter &C1 added at 12 05, 12 14 12 52. 12 54 
A 4 , 0.32 mMola/Uter (48r-IOa)Cli added at 1 08 and 1 60 mMoIa/li ter at 1 16 
■Bi, 0.32 mMola/liter CaCh added at 1 06 and 1 *50 mMola/liter at 1 14 
The pH of the bath* waa maintained at 7 6 The time interval waa 1 minute The 
relation of the bes* line to the recording lever waa conatant 
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During a study of the action tn tnlro of sodium paramtrobenzoate and 
sodium para-aminobenzoate preparatory to investigating the chemothera- 
peutic effect of the former substance tn vivo, unexpectedly variable results 
were obtained Ten and 100 mgm per cent of the sodium paramtrobenzoate 
exerted a bacteriostatic action during the first twenty hours’ incubation of a 
strain of Streptococcus vindans m beef-infusion broth (1), but when 200 
or 400 mgm per cent of sodium paramtrobenzoate were added to the culture 
medium this activity was very slight or absent 
Since, as reported by Woods (2) and Selbie (3), para-ammobenzoic acid 
has an inhibitory effect on the bacteriostatic action of sulfanilamide, it 
appeared possible that part of the paramtrobenzoate was reduced to para- 
ammobenzoate, which either facilitated bacterial growth or inhibited the 
bacteriostatic action of the paramtrobenzoate Also, the greater the amount 
of sodium paramtrobenzoate, the more rapidly the necessary amount of 
ammobenzoate would be formed and the more effectively the bacteriostatic 
action would be counteracted To test the validity of this reasoning, the 
following experiments were performed 
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Interval* by Marshall • method for the sulfonamide compounds (4 6) Diluted broth 
solution* of » odium para fumnobcmoate were u*ed u standarda- Recoveries of 90 to 
96 per cent or more of the added material were obtained In control determination* 

Cultures Serial dilution* In broth were made of a 15-hour Infusion broth culture of 
the Streptococcus rtndant Duplicate blood-agar poured plate* containing 0.000 001 
and 0.000 000,1 oc. of the culture were incubated for forty-eight hour* at 87 C. and the 
colonic* counted Each colony wa* considered to represent one microorganism. 

To demonstrate the badmaiiaffcadfrify of the paranilrobenxoate 05 ce of the diluted 
culture containing 0 000 1 cc (12 000 to 29 000 ml crofl rganl*m» ) or 0 000,001 oc. (120 to 
290 microorganism*) of the original culture wa* pipetted Into 95 cc. amount* of Infuilon 
broth containing 10 100 200 and 400 mgm per cent of *odium paranltrobeaxoate 
After 20 27 and 43 hour* 1 Incubation at 87 C 05 cc of each culture was remored The 
appropriate dilution* were made In broth blood agar poured plate* were made and the 
colon! e* counted after 4S hour* incubation At the same time sample* of the culture 
fluid were taken for the determination of the presence of any amino compound 

To investigate Ike inhibitory effect of sodium •pam-amtnclxniotUt on fk# bade nos lasts 
induced ty lotfium parani/rcfrmzaa/s a second series of culture* was set up Ln a similar 
manner except that to additional control culture* containing 10 100 200 and 400 mgm. 
per cent of sodium paranltrobenioate, 0 05 or 0 20 mgm per cent of sodium para-amino- 
beruoate was added These infusion -broth solutions ware inoculated with similar 
numbers of microorganisms, incubated and tbe amount of growth and of amino com 
pound determined In the same manner sod at tbe same Intervals as in the previous 
experiment. 

Finally to determine ttkelher under the conditions of tk« test, para~amtnobensoale f aril 
tinted the grouik of Ike sfrofn, the rate of growth of strain No 40108 In Infusion broth 
containing 0 05 and 0.20 mgm. per cent sodium para-aminobenxoate was compared with 
ths control eulture* in Infusion broth alone. The number of microorganism* Introduced 
was in the range used in previous experiments. After 6 12 and 24 hours incubation 
05 ec. of culture wsa diluted In broth, and blood -agar poured plate* were made 
Sample* for determination of the amino compound In the culture* were also taken at 
the tame interval* 


RESULTS 

The effect of 10 100, 200, find 400 mgm per cent of sodium paramtroben 
xonte on the growth of this Streptococcus vindans in Infusion broth is shown 
in table 1 

A definite inhibition of growth was effected by 10 and 100 mgm. per cent 
of sodium paramtroben roate which was more marked when th© tubes were 
examined after 20 horns incubation but was still apparent after 27 hours 
incubation. In thoao tubes containing 200 mgm per cent, a possible slight 
bacteriostatic activity was noted In the tubes inoculated with the smaller 
number of microorganisms With 400 mgm per cent of the drug inhibitory 
action was questionable or absent. 

Testa for the presence of an amino compound in th© cultures indicated that,* 
within the limits of the test by Marshall s method, none was present in th© 
tubes m which bacteriostatic action was most marked. However, with in 
crease in bacterial multiplication, amino compound was detectable and 
occurred In greater concentrations as growth continued. 
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mgm per cent of sodium para-anunobenzoate were added There was no 
demonstrable difference in the rate of growth and, within the first twenty- 
four hours, there was no increase in the amount of ammo compound 

DISCUSSION 

Absence of growth-stimulating activity by para-ammobenzoic acid for 
Streptococcus hemolyticus has been noted by Woods (2) Likewise, in 
the above experiments para-aminobenzoic acid did not affect the growth 
activity of this strain of Streptococcus viridans However, the addition 
of 0 05 mgm per cent of sodium para-anunobenzoate was found to inter- 
fere with the bacteriostatic action of the sodium paramtrobenzoate on this 
same strain An ammo compound was formed m cultures containing the 

TABLE 3 


Effect of sodium para~amtnoben£oate on the growth of a strain of Streptococcus vindans 


ntocoLtru 

NUMBER Or 
mtETTO- 

coca 

PARA 

AMXKO 

bknioate 

PERIODS or INCUBATION At 37 c 

8 hour* 

1 3 horn* 

34 hours 

CaJonfesper 

oc. 

Amino 
oom pound 

Colonic* per ca 

Amino 

compound 

Colonic* per ce. 

Amimo 

compound 


viffm 


mffm 


mpm 


mpm. 


per cent 


per cent 


per cent 


per cent 




0 00 

47,500,000 







0 00 

350,000,000 




205 

0 05 

23,700 

0 06 

51,000,000 

0 05 

280,000,000 

0 05 

20,500 

0 05 

1,440,000 

0 08 

300,000,000 

0 05 

300,000,000 

0 05 

205 

0 20 

21,200 

0 21 

42,300,000 

0 20 

260,000,000 

0 20 

20,500 

0 20 

2,745,000 

0 23 

420,000,000 

0 20 

280,000,000 

0 20 


* Colony oount in blood agar — one colony considered to represent one microorganism. 


lesser concentrations of paramtrobenzoate alone and its presence was noted 
when multiplication of the microorganism increased Also, m the presence 
of tho greater concentrations of paramtrobenzoate, 200 and 400 mgm per 
cent, more rapid production of amino compound was noted Thus, the failure 
of these latter concentrations to exhibit the bacteriostatic action shown by 
10 and 100 mgm per cent of paramtrobenzoate may possibly be attributed 
to this effect 

The amount of ammo compound formed in the cultures containing para- 
nitrobenzoate was not enough to reduce the amount of paramtrobenzoate 
to an ineffective level, particularly in those containing 100 mgm per cent of 
paramtrobenzoate where the maximum ammo compound was only 1 5 mgm 
per cent Since para-anunobenzoate alone did not affect the growth activity 
of this strain, it was then necessary to conclude that the ammo compound 
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added to cultures with paranitrobenxoate interfered with the mechanism 
through which the paranitrobenxoate exerts its bacteriostatic action on this 
strain of Streptococcus vindanr. 

In addition, it has been shown that a culture of this strain in broth alone 
produced some diaxotixable substance alter 48 hours incubation, Abo m 
cultures containing paranitrobenxoate, the formation of the amino compound 
occurred more rapidly and in larger quantities in those cultures inoculated 
with the greater numbers of streptococci. 

Further studies are in progress including investigations of the sulfonamide 
compounds and of other strains of Streptococcus vmdans. 

auuuAHT 

In these experiments 10 and 100 mgm. per cent of sodium paranitrobenxoate 
liad a temporary' bactencmtatic effect on a strain of Streptococcus viridana 
whereas with 200 and 400 mgm per cent this effect was absent or slight. 
'With increase of bacterial multiplication, measurable amounts of amino 
compound detectable by dinxo taxation were present in the cultures This 
amino compound was formed in larger amounts with the higher concen- 
trations of paranitrobenxoate and with the larger inocula of bacteria. 

The bacteriostatic action of the paranitrobenxoate was prevented by the 
addition of small amounts, 0 05 mgm, per cent of sodium para-amino benzoate 
to cultures. 

Para-ominobcnxoate alone had no demonstrable effect on the growth 
activity of this strain of Streptococcus viridana 

REFERENCES 
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mgm per cent of sodium para-ammobenzoate were added There was no 
demonstrable difference m the rate of growth and, within the first twenty- 
four hours, there was no increase m the amount of amino compound 

DISCUSSION 

Absence of growth-stimulating activity by para-aminobenzoic acid for 
Streptococcus hemolyticus has been noted by Woods (2) Likewise, in 
the above experiments para-aminobenzoic acid did not affect the growth 
activity of this strain of Streptococcus vmdans However, the addition 
of 0 05 mgm per cent of sodium para-ammobenzoate was found to inter- 
fere with the bacteriostatic action of the sodium paramtrobenzoate on this 
same strain An ammo compound was formed in cultures containing the 

TABLE 3 


Effect of todium para-ammobenzoate on the growth of a strain of Streptococcus virtdans 


ntoexn-tru 
xmtflnt or ! 

rrnnrro- 

coca* 

PARA 

AlfTOfO- 

BEJTZOATE 

| PIRIOW OF IWCUBATlON AT 87*C. 

6 hour* 

J 12 hour* 

| 24 hour* 

•Colonies per 
cc. 

Amino 

compound 

Colonics per cc. 

Amino 

compound 

Colonies per cc. 

Amimo 

compound 

205 

20,500 

mgm 
per cent 

15 200 
2,080,000 

mgm 
per cent 

0 00 

0 00 

47,600,000 

350,000,000 

mgm 
per cent 

0 00 

0 00 

345.000. 000 

235.000. 000 

mgm 
per cent 

0 00 

0 00 

205 

20 600 

0 05 

0 05 

23 700 
1,440,000 

0 06 

0 08 

51,000 000 
300 000,000 

0 05 

0 05 

280,000,000 

300,000,000 

0 05 

0 05 

205 

20,500 

0 20 

0 20 

21,200 

2,745,000 

0 21 

0 23 

42,300,000 

420,000,000 

0 20 

0 20 

260,000,000 

280,000,000 

0 20 

0 20 


* Colony count in blood agar — one colony considered to represent one microorganism. 


lesser concentrations of paramtrobenzoate alone and its presence was noted 
when multiplication of the microorganism increased Also, in the presence 
of the greater concentrations of paramtrobenzoate, 200 and 400 mgm per 
cent, more rapid production of ammo compound was noted Thus, the failure 
of these latter concentrations to exhibit the bacteriostatic action shown by 
10 and 100 mgm per cent of paramtrobenzoate may possibly be attributed 
to this effect 

The amount of ammo compound formed in the cultures containing para- 
mtrobenzoate was not enough to reduce the amount of paramtrobenzoate 
to an ineffective level, particularly in those containing 100 mgm per cent of 
paramtrobenzoate where the maximum ammo compound was only 1 5 mgm 
per cent Since para-ammobenzoate alone did not affect the growth activity 
of this strain, it was then necessary to conclude that the ammo compound 
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frige ration (b) "ficin ' 1 — ft cream-colored, water-soluble, amorphous powder 
containing from 1 to 2 per cent of benzoic acid prepared by filtration and 
drying of the above-mentioned ravr latex and having in one gram the proteo- 
lytic activity of approximately 5 cc. of the raw latex. When kept In evacu- 
ated ampoules, ficin showed negligible low of activity throughout the two 
years of tins investigation. Control experiments performed by administer 
mg ten times the maximum amount of sodium benzoate present In this ma 
tenal and by giving material from which tho preservative was removed showed 
that the sodium benzoate did not affect the toxicologic findings. 

ORAL TOXICITY 

The acute toxicity of ficin and leebe when taken by mouth was determined 
in mice, rats, rabbits guinea pigs, cats, and dogs. Ficin was used in aqueous 
solutions in concentrations of from 10 to 60 per cent, while lecho was used 
undiluted Tho ma tenal was administered pero rally to mice rata, and guinea 
pigs through a No 18 gauge metal cannula and to rabbits cats and dogs 
through a rubber catheter Tho animals were observed for a ponod of 2 
consecutive days Deaths within twenty four hours after administration were 
recorded as "acuto those occurring after this time as Tate deaths. 

Experiments in mice and rats. In this senes a total of 046 mice and 346 
rats were used The average weight of the mice was 20 grams that of the 
rats 160 grama. Fi cm was given in doses of from 4 to 20 grams per kilogram 
and leche in doses of from 26 to 60 cc. per kilogram. 

The possibility that the toxicity of ficin may be more dependent on the 
concentration at the site of contact with the gastrointestinal mucosa than 
on the total amount administered was first investigated. Varying amounts 
of fiern in 12 different concentrations ranging from 4 to 76 per cent were fed 
to mice and rats. No significant differences due to concentration were found. 
With a total dose of 12 grams per kilogram the mortality was 48 per cent for 
the 26 per cent concentration and 64 per cent for the 60 per cent concentre 
turn, using 60 mice in each experiment. 

After these preliminary experiments the complete toxicity range for mice 
and rats was determined in the usual manner using 20 animals per dose 
level. The results are shown in figure 1 in which the leche is recorded m 
terms of fidn proteolytic activity (1 gram ficin corresponding to 6 cc. leche) 
The somewhat greater toxicity of leche is probably due to the presence in 
leche of other toxic principles. 

Sub-lethal doses of leche and ficin caused dysentery of varying seventy, 
with bloody stools at the higher dose levels. With fatal dose* the animals 
became prostrated and died within 6 to 24 hours after administration Ani 
mals which survived the first 24 houra recovered m almost all cases. There 
was no significant difference in the acute and delayed toxicity 

Experiments in guinea pigs and rabbits. As seen from table 1 doses above 
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3 grams per kilogram for guinea pigs and 5 grams per kilogram for rabbits 
were fatal, indicating a considerably greater sensitivity in these species than 
in mice and rats 

Experiments in cats and dogs Six cats and 30 dogs were fed with ficin 
solutions ranging in concentrations from 10 to 50 per cent or with gelatin 
capsules filled with dry powder Doses which were sufficiently large to 
exert an anthelmintic effect were well tolerated but doses of 1 0 gram per 
kilogram or above frequently produced vomiting and diarrhea from which 
the animals recovered m one to two days Since vomiting could not always 
be prevented by a preliminary administration of chlorobutanol (1 5 to 2 5 
grams per kilogram), an accurate evaluation of the results, especially the 
determination of the lethal dose, was not possible 



Fia 1 PrnoRAi, Toxicirr of Leche and Ficin in Mice and Rats 
1 Leche in mice 2 Ficm in rats 3 Ficin in mice 

In view of Thomen’s findings (5) that several small doses of ficm repeated 
over a period of several days were as effective therapeutically as one single 
large dose and less likely to produce undesirable side effects, particularly 
■vomiting, the cumulative toxicity of ficm was studied in rats and guinea pigs 
In experiments conducted m 198 animals, it was found that subdivision of a 
given amount of ficm into smaller doses resulted in a lowered mortality 
Thus, m guinea pigs, X 6 gram per kilogram divided into 4 equal daily doses 
resulted m 80 per cent mortality, whereas 1 5 gram per kilogram given in 
7 doses caused no deaths Similar results were found with rats (table 2) 

The results indicate that larger total doses of ficm may be safely adminis- 
tered if subdivided 

Pathological findings At autopsy severe changes in the gastrointestinal 
tract were found, ranging from sev ere inflammatory reaction to erosion At 
the higher dose levels disintegration of the stomach and intestines frequently 
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TABLE 1 



| AJrotii 





m 

Wafckt 


KTXTTTAt 



SB 






i 







690 grams 

3 0 

8 hour* 

Congestion of ■ tom* eh 





and intestine* 


2 

6T0 grams 

| 3 0 

<24 hour* 

Congestion of atomaoh 





and intestines 


8 

640 gram* 

3 0 

<40 hour* 

Congestion of stomach 

Guinea pig 




and Intestines 

4 

610 gram* 

0 80 , 

Indefinite 



5 

490 gram* 

0 90 

Indefinite j 



6 

660 gram* 

0 60 

Indefinite | 



7 

560 gram* 

0 60 

Indefinite 



8 

720 grama 

0 00 I 

Indefinite 1 



0 

790 grama 

0 60 1 

Indefinite 1 



1 


8 0 

<16 hours 



2 


6 0 

<16 boors 



8 


5 0 

<16 hoar* 



4 


6 0 

<16 hour* 



6 

S 0 kgm. 

6 0 

Indefinite 

Organa appeared nor 






mal 

Rabbit 

6 

2 9 kgm 

4 0 

<16 hour* 

Blood in intestine# 




11 rer kidney and 

1 tragi congested 




7 

3 3 kgm. 

3 0 

Indefinite 



8 


3 0 

Indefinite 



0 


3 0 

Indefinite 



10 

2 9 kgm. 

2 0 

Indefinite 



[ 11 


2 0 

Indefinite 



TABLE 2 




con or 

nmr 




j OnaOqm, 

N«mb— of 
dor— p— day 

Ncmixr of 
d*T» 

To— l 


10 

20 

1 

1 

r*— . 

20 

100 

10 

10 

1 

2 

20 

80 

10 

6 

1 

4 

20 

10 

10 

2 

1 

10 

20 

0 


occurred, with subsequent partial digestion of the liver spleen pancreas and 
kidneys. Histological examination frequently showed a peculiar perifollic- 
ular reaction m the spleen varying from fibnn deposits to leucocytic mffltra 
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tion of this problem In view of the protein nature of ficin it seemed feasible 
to use for this problem the method of sensitization to anaphylactic shoeL 
In more than 50 guinea pigs, it was found that animals which had been intra- 
venously sensitized with small doses of ficin occasionally responded to its 
reinjection after a 10 day rest period with anaphylactic symptoms, though 
this was never observed in animals m which the sensitization had been at- 
tempted by daily peroral administration of ficin for 7 days Unfortunately, 
the positive results after intravenous sensitization were so irregular that it 
was impossible to attach any particular significance to these findings 
Another indication contrary' to the assumption that ficin is absorbed from 
the intestinal tract may be taken from experiments m which its effect on the 
blood picture was studied In these experiments the peroral administra- 



Fia 2 Effect of an Intravenous Injection of Ficin in Rats (60 Mon 
per Kilogram) 

, erythrocyte count, , hemoglobin concentration 

tion of doses of ficin 400 times larger than those which produced definite 
reduction of erythrocyte count and hemoglobin level upon intnu enous in- 
jection (fig 2) failed to show an> effect 

Kidney and liver function (eels seem likewise to indicate that no absorption 
of ficin takes place after peroral administration In these experiments, the 
influence of ficin upon the liver function was determined using the bromo- 
sulphthalein test of Rosenthal (6) After normal values had been established 
in several control runs, 20 per cent ficin solution was given orally for 4 con- 
secutive days m a dose of 0 5 gram pier kilogram Daily tests during and 
after the period of ficin administration showed no variation in the liver 
function 

The effect of ficin upon the kidney function was ini estigated in a group of 
80 rats by comparativ e diuresis experiments The changes in specific gravity, 
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volume and chemical composition (albumen Hood) of unne following ad 
ministration of 5 cc. of water per 100 grams body weight was measured at 
30 minute intervals. After satisfactory controls were established, 30 per 
cent fidn solution was given in doses of 0 5 gram per kilogram and 3 grams 
per kilogram followed 2 hours later by the usual administration of water 
Diuresis experiments showed changes with the smaller dose In experiments 
with the larger doeo, 60 per cent of the rats showed symptoms of a profuse 
bloody diarrhea within the next few hours and died, although this dose is 
normally well tolerated It would appear that the relatively large amount of 
water which followed an otherwise harmless dose of fidn is responsible for 
this increase in toxicity 

On the basis of the foregoing experiments it does not seem likely that the 
pathologic changes observed after peroral administration of fiem are due to 
the specific action of active Ficus proteinase. One of the explanations may 
be that active fiem has penetrated through a rupture m the intestinal wall 
and came Into direct contact with other organs while the animal was still 
alive 

Discussion The peroral administration of proteolytic enaymes for an 
theomintic purposes is based on the assumption that they attack the proteins 
in the m tegument of intestinal parasites before damaging the intestinal wall 
of the host. Such an assumption would seem to be justified not only by the 
high specificity of enaymes in general, but also by the fact that this same 
enxyme fian, readily attacks certain intestinal parasites such as Ascans 
and Tnchocephalus, whereas it is almost ineffective against others such as 
Taenia. 

Our experiments have shown that fidn may severely injure the intact 
intestinal mucosa and subsequently cause death, If left m contact for a suf 
fident length of time and in a sufficiently large quantity and high concentre 
tKm However the wide use of leche de higuoron in Central and South Amer 
ic* as an anthelmmtio and our own finding of fidn as a highly effective and 
safe anthelmintic for dogs indicate that its safety margin is wry wide 

The results of our experiments, on apparently healthy animals give no 
Information regarding the possible complications brought about by the use 
of fiem in patients with intestinal mucosa already damaged, as through ul 
cerative processes, etc. A further indication of the increase in ton city of 
fiem in a ni m als with damaged intestinal mucosa was given by Lamson, 
Brown, and Ward (7) who found that the toxicity of fiem was greatly In 
creased if it was given two or three hours after a peroral dose of hexylresor 
cmol which itself causes a temporary irritation * 

1 We are informed that experiment* on the com para (art tori city of fidn in normal 
animal* and in animal* with damaged intestinal mueoea am being andertakan by Dr 
E. C Fan»t [and hi* coworker* in Tulane Unlremty and will reported In the near 
future 
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Although practical use and clinical observations indicate a great thera- 
peutic latitude in the use of ficin, its marked proteolytic properties — which 
surpass those of most of the generally available enzymes of this nature, such 
as papain — suggest caution in its use This necessity is illustrated by our 
experiments m which a trace of dry ficin applied for less than half a minute 
to the eye frequently resulted m an irreparable damage of the cornea and by 
the fact that intravenous injection of as little as 25 mgm caused death 
within a few minutes 

In addition to the experiments reported in this paper, which were all 
performed with a uniform material, we had an opportunity to test a consider- 
able number of ficus enzymes prepared by various procedures and of different 
origins and can fully confirm statements m the literature regarding great 
variation in the potency of these agents It would therefore seem that all 
ficin preparations used for therapeutic purposes should be biologically stand- 
ardized and that the dosage should be based on units of proteolytic 
activity 


SUMMARY 

(1) The peroral and intravenous toxicity of ficin was determined in mice, 
rats, guinea pigs, rabbits, cats, and dogs A considerable variation in sen- 
sitivity among different species was observed The LD 50 for rats and mice 
following oral administration is about 10 grams per kilogram and in rabbits 
and guinea pigs about 5 grams per kilogram The toxioity following intra- 
venous administration (60 to 100 mgm. per kilogram) is in contrast to tho 
low toxicity by the oral route 

(2) The toxicity of ficin depends primarily upon the total amount of drug 
administered and is practically independent of the concentration 

(3) The toxicity of a given dose of ficin can be reduced by subdivision into 
smaller doses and repeated administration 

(4) The signs following sublethal doses consist of vomiting, bloody 
diarrhea, and general prostration Upon autopsy there is severe irritation 
of the gastrointestinal tract ranging from inflammatory reactions to ero- 
sions 

(5) Parenteral rejection of ficin causes severe tissue damage This is also 
observed on topical application of ficin to wounds or denuded skm and par- 
ticularly to the conjunctival surfaces 

(6) Repeated daily peroral administration of ficin does not alter the out- 
come of liver and kidney function tests 

(7) Intravenous injection of small doses of ficin reduces the erythrocyte 
count and prolongs markedly the blood clotting time 

(8) On the basis of sensitization to anaphylactic shock there is no evidence 
of absorption of ficin from the intact gastrointestinal tract 
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In an earlier communication (Heard and Win ton (1)) the use of the dietary 
anoestrous adult rat as a test object for the estimation of gonadotrophic 
activity was reported This method of assay, based upon the vaginal reac- 
tion to gonadotrophic substance administered dunng the period of experi- 
mental anoestrus, proved most satisfactory and achieved a high degree of 
accuracy 

The long standing and common use of the infantile rat for the same pur- 
pose makes desirable a direct comparison of the two tests To this end, 
dosage-response curves for the 21-day-o)d rat of the same strain have been 
constructed under like experimental conditions A comparison of these 
data with those previously reported for the adult animal clearly shows that 
the latter test object is the more sensitive and that greater accuracy is at- 
tained by its use 


MATERIAL AND METHODS 

The standard pregnancy urine extract and the statistical methods and notation uicd 
were those formerly described (1) 

Animals All rata were drawn from Connaught Laboratories’ homozygous stock 
(previouslj designated as strain C) Since the sensitivity of the infantile animal and 
the slope of the dosage-response curve is influenced more by the age than the body 
weight of the test object (Chapman (2)), the first-mentioned vanable was held con- 
stant Only young females 21 days of age at the time of the first or Bingle Injection were 
used, the average weight was 45 to 60 grams 

Methods of administration To conform with the usual practice of spreading the 
total dose over a period of several days, and with the single injection technique which 
was proved to be effective in the adult rat test, both procedures were followed The 
divided dose was given once daily for three days For each test a stock solution ajr- 
pronmately 20 mgm per 100 cc ) was prepared on the first day, adjusted to pH 7 and 
stored at — TC throughout the administration period The appropriate dilutions 
with 0 9 per cent saline were then made daily immediately preceding injection In all 
cases the volume administered was maintained constant at 0 5 cc 

Recording of vaginal smears and criteria of oestrus With both methods of admims 
Oration smears were recorded (when necessary bj forcible opening of the vagina) once 
(5 pun ) on the third day after the first or single injection, twice (Bam and 6 p m ) 
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on the fourth and fifth days, and once (8 a.m ) on the «!xth day The previously »tated 
criteria of oertru* and evaluation of the amean were rigidly adhered to 

DOflAOR-RXBPONSE CURVES FOE THE nfTANTTLE RAT 

Since the number of 21-day-old females a\ affable for each test was re- 
stricted to a maximum of twenty, all were injected with the same amount 
of the standard preparation The dosage-response curve* arc therefore 
constructed from a number of observations each made on a different day 
While the elope of the curve obtained from data combined in this way may 

TABLE 1 


Induction of ta final out rut in tl-dap-old rail follow inf fisodnunwiraiion oflkt total dan 
of ikt ttandard preparation in fit rte portion* 
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15 
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11 75 

11 

0 i 

81 8 

12 12 

0 

81 

94 4 

12 87 

14 

0 

64 3 

14 00 

20 

16 
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bo slightly lower than the true value owing to fluctuation m sensitivity from 
day to day it is clearly inadvisable to administer more than one dosage At 
each test when the available number of test objects is limited The error 
eo introduced is in any case small (see Gaddum (3)) indeed with the adult 
rat no difference was observed (1) between the value of the slope computed 
from data combined directly in this fashion and that arrived at by the method 
of Morrell and Chapman (4) m which the curves obtained at each test were 
united with the elimination of variation in position. 

D inded dote The total dose was given in three portions to twenty-one 
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groups of animals (table 1) , the resulting dosage-response curve is shown in 
figure 1 The upper scale of abscissa sets out the dose in terms of the amount 
required to mduce oestrus in 50 per cent of the animals injected (i e the 0 D 
50), it thus represents a scale of “rat units” apphcable only to animals of 
this strain and under the particular conditions outlined The corresponding 
regression line is illustrated in figure 2 There is uniform gradation of effect 
according to dose, and the x 1 test indicates agreement well within the limits 
of sampling error between the experimental data and the line fitted to them 
(x 1 = 16 8 , n — 17, whence P — 0 55) 

SCALE OF 0 D 50 



Fig 1 Dosage-Response Cubve fob 21 -dat-old Rat (Divided Dose) 


Single injection Irregular results were obtained with nineteen groups of 
infantile rats to which the total dose was given in one portion (table 2) 
The magnitude of the group variation m sensitivity does not permit the 
direct fitting of a satisfactory curve relating dose to effect, and clearly em- 
phasizes the fact that the rate of absorption must be delayed by subdivision 
of the dose over a period of at least three days m order to obtain uniform re- 
sponses with this test object By combining the responses of those groups 
given the same dosage into a single percentage, as indicated m table 2, a 
reasonable characteristic curve was obtained (fig 2), but even so the dis- 
crepancy between these cumulative observ ations and the fitted line is slightly 
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greater than would be expected from chance sampling alone (x 1 ~ 10.29, 
n “ 4 whence P — 0 04) The curve is significantly flatter than that per- 
taining to the divided dose (fig 2 and table 3) 

For practical purposes the single injection method of administration is 
worthless, the data are useful only for comparison with those obtained under 
the same conditions with the adult animal 



Fio 2. Eaaatearoif Lure* ro* 21 dat-old Rat 

Carre A (divided do*c) Y — 4 053 + 6,45 (X — 0.054) the dotted lines indicate the 
xoneof error oorreapondliig to ±2 atandard deviation* for 11 Oanlmali (Le the average 
n amber in each group — tea table 1), com no ted from the utnal formula, 8J3 — \/ 

1 vhere P ~ percentage reaponae, 0 “ 100 — P and N — Dumber of awlmale. 

Carre B (tingle injection) Y - 6 109 *f 3 14 (X— 1 390) 

COMPARISON OP THE IN PANTILE AND ADULT RAT TESTS 

The first and poasibly moet marked difference noted between the two 
methods of assay was in the time of duration of the period of induced oestrus. 
In the dietary anoestrous adult animal coroification persists for 24 to 48 
hours following a single injection of gonadotrophic substance and hence 
vaginal am ears need be recorded only once each day in order to include ail 
positive reactions. Little or no difficulty was encountered in evaluating the 
response as the positive reactions were charactemed by the complete dis- 
appearance of leucocytes in all but a few cases. With the infant animal 
however the period of coroification lasts only a few hour* even when the total 
dose is spread over three days and is dependent to a great extent upon the 
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strength of the stimulus In the present work, observations of the vaginal 
contents were made daily at 9 a m and 5 p m The number of “doubtfully 
positive" smears obtained v> as relatively great which suggests that the interval 
between 5pm and 9am is too long, but it is inconvenient to examine 

TABLE 2 


Induction of vaginal oestrus in Sl-dag-old rats following a tingle injection of the standard 

preparation 
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6 
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43 

25 
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41 7 

16 

15 

93 7 


6 

5} 

91 7 


22 
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smears thrice daily at 8 hour intervals When the infantile animal is given 
the total dose in one injection the penod of induced oestrus is still shorter 
With this technique of administration much difficulty was experienced in 
arriving at a satisfactory e\ aluation of the response because of the persistence 
of leucocytes even at high dose levels 
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The short duration of the comlfied period in the immature rat undoubtedly 
accounts for the Inconsistent results obtained by Brownlee (reported by 
Bum (5)) who made but one observation of the vaginal contents 4 days after 
the first of set injections spread over 56 hours In our experience eoroification 
was encountered on the fourth or fifth day after the beginning of admlnistra 
tion, the induction period is thus about 24 hours longer than in the anoestrous 
adult. By the recording of smears at least twice daily o\er the critical 
period regular responses have been obtained with the infantile animal by 
many investigators (Chapman (2) , Hamburger and Pedersen Bjergaard 
(6), and others) and in the present instance 

TABLE 8 


Parameters of Ike transformed dosage response curt** ntk Heir standard erro rs, and 
accuracy of tke methods 


TUT 

: *min 
or 

OHMXLa 

*tor» 

IXr+m OJ i0 

oj» ID 

L-turrm or 



i 1 

m±»m 

i 

POTMntf 

Auoestrou* adult rat 

661 

8 72 ± 1 03 

0 526 ± 0 000 

3 35 

76-131 

Infantile nit (divided do*©) 

244 

1 6 45 ± 0 68 

0 PM ± 0 Olfl 

0 34 

65-154 

Infantile rat (ringle injection) 
Ovariec torn! red rat (oea- 

210 

1 3 14 ± 1 03 

1 

1 364 ± 0 W7 

23 1 

47-212 

trone)t 

300 

| 3 81 ± 0 46 

0 114 ± 0 024 

| 1 30 

40-203 


Tbe limit* of error are expre«*ed as percentage* of the true re*uit within which 
the **Um*te will IleWoutof every 100 time* th*ttbe te*ti* carried out (I o. P -■ 0 90) 
end computed (Equation (10) of Gaddum (8)) in accordance with the recommendation* 
of the Sub-Committee on the Accuracy of Biological A**ay» of the Briti*h Pharma 
eopoeia Commiadon (7) The calculation* are made on the awtunptlon that the *tand 
jirdiiation carve* are u»ed for the estimation of the potency of an unknown extract by 
the method of Gaddum (method (b) of the previou* communication (1)) and that 20 
a nima l* recrive the preparation being teated, and 20 the atandard preparation, the 
re*ponae* In each case being 60 per cent. 

t Included for comparative purpoae* Data pertaining to the atandardhatlon of 
oe*trone In ovariectomlred rata of the aame • train (tingle injection In oil ameara re- 
corded thrice dally) 

The extent of the group variation m sensitivity is approximately tho same 
with both test objects With the infantile animal (divided dose) two of the 
twenty-one observations lie beyond the limits of ±2 standard deviations 
(fig. 2), as against three out of twenty-seven for the adult animal (1, fig 6) 

A comparison of the parameters of the different regression line* (table 3) 
shows that the characteristic curve for the anoestrous adult is significantly 
steeper than that for the infantile animal by either method of administration 
Hence the limits of error of the adult rat test are narrower Whether this 
increase of accuracy is worth the additional labour entailed in the preparation 
of the test object ib doubtful but it should be emphasized that a minimum of 
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forty females 21 days of age are required to confine the error of the infantile 
rat test to the limits stated In most laboratories the number available on 
any one day is considerably Ies? 

As would be expected, the dietary anoestrous adult rat is much more sensi- 
tive to gonadotrophic substance, only about one-seventh the quantity being 
required under the same conditions of administration to produce a 60 per cent 
response (table 3) , per unit of body weight this ratio is approximately 1 to 21 
There is no reason to suppose that the unnpe follicles of the infantile ovary 
would require any stronger stimulus to secrete a given amount of oestnn 
than the immature follicles of the atretic ovaiy which remain unaffected by 
the dietary deficiency On the other hand, a greater and more prolonged 
output of the secondary hormone is certainly demanded by the infantile 
animal for the stimulation of the undeveloped vagina In the adult rat test 
the period of experimental anoestrus is hardly long enough to permit any 
appreciable atrophy of the secondary organs The greater degree of vaginal 
atrophy that follows castration undoubtedly accounts for the fact that, in the 
assay of oestnn in the ovanectomized adult, the rate of absorption of this 
hormone must be delayed by spreading the dose or use of an oily solvent in 
order to produce a cormfied penod of reasonable duration, whilst the admin- 
istration of a single injection of the primary gonadotrophic hormone to the 
anoestrous adult is followed by a cormfied penod of 24 or more hours 

The adult rat assay thus offers several important advantages over the in- 
fantile rat test 

(o) Large numbers of test objects can readily be made available 

(6) Age does not influence the reaction 

(c) A single injection of gonadotrophic substance induces a penod of corrn- 
fication of 24 or more hours duration which necessitates smearing only once 
each day and greatly facilitates the evaluation of the response 

( d) The method is more economical in that the same test objects can be 
used repeatedly 

(e) The test object is more sensitive 

(f) Individual variation in sensitivity is less (steeper dosage-response 
curve) and hence greater accuracy is achieved 

The chief disadvantage of the method is that preparation must be carried 
out before the test 


summary 

1 Dose-effect curves have been constructed relating the induction of 
vaginal oestrus m the 21 day old rat and the dose of gonadotrophic substance 
administered (a) in a single injection and (6) over a penod of 3 days 

2 Subdivision of the dose is necessary with this test object in order to 
obtain uniform responses 

3 The slope of the regression line for the infantile animal (divided dore) 
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m significantly flatter than that pertaining to the dietary anoestrous adult 
rat of the same strain. Hence the accuracy of the latter test is greater 
When twenty animals receive the standard preparation and twenty recerve 
the preparation being tested and the response In each case a 60 per cent the 
limits of error at P 0 99 are 06 and 164 per cent for the infantile rat test 
and 70 and 131 per cent for the adult rat test. 

4 The adtantages of the adult rat method are discussed 

The aldlful technical assistance of Mr G T Perry is gratefully 
acknowledged 
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For several years a number of organizations’ have been cooperating in an 
attempt to produce a substance which would be as useful clinically as mor- 
phine, but which would have httle or no addiction-producing properties. 
During the course of this work many new drugs have been prepared The 
analgetic power of these drugs covers a wide range (1), some being weaker 
and some more powerful than morphine In some cases structural modifica- 
tion resulted m marked changes in analgetic or toxic actions It would be 
highly desirable to find some physico-chemical property which might be 
correlated with analgetic power and toxicity and which would serve as a 
guide toward the production of drugs more clinically useful It was thought 
that perhaps electrical conductivity measurements might be of value, since 
these measurements essentially determine the degree of dissociation and the 
ionic mobility, properties which might be of fundamental importance 

Many of the alkaloidal bases are very insoluble in water, unstable, or dif- 
ficult to prepare Consequently onh five of the drugs were studied m the 
form of the free base, some as the base and the hydrochloride, and others only 
as the salt All of these drugs were prepared by Dr L F Small and col- 
laborators The alkaloidal derivatives were purified to constant optical 
rotation and constant melting point and the synthetic compounds were of 
analytical punty 

All measurements were made on solutions m conductivity water Any 
water having a specific resistance less than 1 5 megohm per cm was discarded 
All conductivity measurements were made in a Washburn type cell with 
platinized electrodes The cell was mounted in a water bath mam tamed at 
25 db 0 02°C The bndge was constructed of General Radio non-inductive 
decade resistors arranged m a Wheatstone bndge circuit with condensers 

1 Biological Chemist, U 8 Public Health Service 

» Associate Physicist, U S Publio Health Service 

• The organisations taking part are the Rockefeller Foundation, the National Re- 
search Council, the United States Public Health Service, the United States Bureau of 
Narcotics, the University of Virginia, the University of Michigan, and the National 
Institute of Health 
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inserted for balancing the cell capacitance. The bridge waa fed from & 
vacuum tube oscillator which furnished about 16 volts at 1000 cycles with a 

TABLE 1 
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Tend dty wd anjdgexia u determined by Eddy (1) Value* taken from Supple- 
ment no 138 to Public Health Report* 1938. Data on certain aynthetie druga hare not 
been completed. 


pure wave form Two stages of amplification were inserted between the 
bridge output and the telephone detector 

In the case of the salts a plot of equivalent conductance (A*) against the 
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square root of concentration (\/c) yielded a straight line as predicted by 
Onsager (2) The values of A 0 are listed m table 1 All values of A 0 fell 
between the limits of 94 7 and 107 2 
It has been reported that Heroin hydrochlonde in cold aqueous solution 
hydrolyzes with a loss first of one and finally both acetyl groups after a 
period of several months (3) To determine the rapidity with which this 
hydrolysis takes place, a solution was placed in a conductivity cell and a 
balance made as rapidly as possible There was no appreciable change 
(0 1 per cent) m conductivity from one minute after the time of solution to 
two weeks after solution Hence we believe that hydrolysis must proceed 
at a very slow rate 

The dissociation constants for morphine, dihydromorphine, codeine, 
dihydrocodeine and tetrahydro-a-morplumethinc are given in Table 2 

TABLE 2 


Dissociation constants of certain alkaloidal bases a« determined by conductivity methods 


ALKALOIDS 
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constant 
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Morphine 

0 00433 
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0 75 

Dihydromorphinc 

0 00466 

0 00452 

2 26 X I0~‘ 

133 
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Codeine 
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0 00451 
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8 04 

Dihydrocodmne 
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6 65 X 10-* 
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7 20 

Tetrahydro-o-morphimethinc 

0 00467 

0 00455 
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100 0 


* The for the base was also calculated from conductivity data of the salt using 
values of Ao for Cl" ns 76 34 and for OH - ns 198 (MacInneB page 342) (7) 


From the calculated values of K it is noted that the hydrogenated morphine 
and codeine bases are stronger than their respective unhydrogenated com- 
pounds 

Comparatively little work has been done od the electrical properties of the 
opium alkaloids Kolthoff (4), from solubility measurements, found the 
dissociation constant for morphine to be 1 35 X 10 - * Baggesgaard-Rasmus- 
sen and Renners (5), using a similar method, reported a value of 9 9 X 10 -7 
for morphine Our value of 1 64 X 10“* is Blightly greater than the pre- 
viously reported figures 

Our value of K for codeine, 1 61 X 10 -9 , is larger than that given by Kol- 
tboff (9 X 10 -7 ) or by Baggesgaard-Rasmussen and Martin (6) (79 X 10~ T ) 
The comparatively high solubility of codeine permitted measurements to be 
made over a wide range of concentrations, and as a result we feel that our 
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value for codeine is at least as reliable as the values reported by the other 
workers. No values for the dissociation constant of dihydromorphine dihy 
drocodeine, and tetrahydro-a-morphimethine have been found In the liter* 
ture. 

All of the drugs reported here have been studied in normal a n i m al s and 
many m human drug addicts Some information is available as to their 
analgetic power and toxicity (1) As far as can be determined, there is no 
correlation between these properties of the drugs and the value of either K 
or A* (table 2) 

CONCLUSIONS 

As far as can be determined, there is no correlation between analgetic or 
toxic properties of the drugs and the values of either the dissociation constants 
or equivalent conductance at infinite dilution. There is no evidence that an 
aqueous solution of diacetylmorphine hydrochloride (Heroin) is unstable 
from one minute to two weeks after its preparation The hydrogenated 
morphine and codeine are stronger bases than their respective unhydrogen 
a ted compounds 

The authors wish to thank Dr Ench Moeettig who suggested tho problem, 
and Dr LF Small for his interest throughout the work. 
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The results of studies of the relation of changes m chemical structure to 
alterations m certain physiological effects of drugs of the morphine-codeine 
senes were summamed by Small and Eddy m 1938 (1, Part I) They found 
that (a) methylation of the phenolic OH of morphine increased its convul- 
sant action and sometimes its toxicity, but decreased other effects, (b) 
replacement of the alcoholic OH with H or 0 increased but usually shortened 
the effects, (c) spatial shift of the alcoholic OH generally caused increased 
effects, and, (d) saturation of the C-7, 8 double bond produced irregular 
effects This report presents the results of clinical studies on the effects 
of these types of chemical modification on two addiction characteristics, 
namely, duration and potency of physical dependence action 

METHODB 

Dihydromorphino (H-2-M), alpha-isomorphine (iso-M.), dihydro-nlpha-isomorphine 
(H-2-iso-M), dihydromorphinone (Dilaudid), dihydrodesoxymorpbme-D (deso-M), 
codeine (C), dihydrocodeme (H-2-C), isocodeino (iso-C), dihjdroisocodoine (H-2-iso-C) 
and dihydrodesoxycodeine D (deso-C) were each Btudied by the substitution technique 
described in previous report* (1, Part III, and 2) Briefly, this technique involves 
(a) selection of addicts with active physical dependence, (b) preliminary stabilisation 
of patients on morphine, (c) replacement of morphine by the substance in question for a 
period of at least one week, and, (d) withdrawal of the substituted drug Thus it can 
be learned whether or not a given substance will satisfy pro-established physical de- 
pendence The maintenance of physical dependence by a substituted drug is considered 
to indicate that it is capable of producing addiction The majority of the morphine and 
codeine derivatives which are known to have caused addiction have been tested by sub- 
stitution, and all satisfied pre-established physical dependence No non addictive drug 
has been found to support physical dependence 

The physical dependence already established to morphine apparently becomes 
ndapated to the substitute, for, upon withdrawal, detectable and self-consiBtent dis 
similarities have been found in the abstinence syndromes of drugs studied These 
dissimilarities, thought to be due to differences in physical dependence action, are based 
on alterations in chemical structure The abstinence syndrome which appears follow- 
ing withdrawal of the substituted drug is thought to be the equivalent of that which 

1 Passed Assistant Surgeon, U S Public Health Service 
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would occur were addiction to the aubati toted drug primary In* tend of eecondary Any 
morphine which may hare been stored pnor to aubatltotlon i« thought to be excreted 
or destroyed 

The chief difference* encountered in drug* of the morphine, codeine eerie* hare been 
In potency and duration of physical dependence action. The method* used to obtain 
▼aloe* expresdng potency and duration of phyaica! dependence action were deacribed 
in a previous report (2) In brief value* for potency are obtained by comparing the 
mean amount* of tingle equally effective phyrical dependent* satisfying do«e» of mor 
phlne and of the *ub*titnte* In order to atandardUe the rewulta theee valnea are cor 
rented to be equivalent to an arbitrary do*o (50 mgm.) of morphine aulfate. Since 
potency vane* Inversely with the doee the corrected value* are exp retted aa their 
reciprocal*. Values conaidered to expre** aatiafactorily the duration of phyaical de- 
pendence action are obtained by acoring tht abetin*noe ayndromc intensity (A.8.I ) 
at hourly interval* following the last do*e and ualng the time at which the group mean 
A. 8. 1 ha* reached fifty per cent of it* maximum. 

RESULTS 

Reports hay© been made on the results of substitution studies of H 2-M, 
deso-M deso-C (2), of C (3) and of Dilaudid (4) The pertinent data on 
theso drugs, together with those reported for the first tune m this paper are 
summarixed in table 1 Data presented in table 2 permit comparison of 
certain factors concerned in physical equilibrium of patients before and after 
substitution of H 2-0 Iso-O H 2 iso-O, iso-M and H 2-iso-M Graphs of 
tho dally group mean AH I during morphine stabilization, substitution 
and following withdrawal of the latter drugs are presented In figure 1, and 
graphs of the onsets of the abstinence syndromes of the above drugs and of 
Dilaudid are shown m figure 2 

Dihydrocodnnc 1 Physical dependence was satisfied by this drug. Several 
patients complained that it caused itching and unpleasant dreams. The 
abstinence syndrome which followed its withdrawal was definitely less severe 
than that of morphine. Ths potency of dihydrocodeine was calculated to be 
rfr and the duration of its physical dependence action was twenty hours 

Iiocodnnc 1 Satisfaction of physical dependence by this drug waa prompt 
and adequate TTie abstinence syndrome which followed its withdrawal was 
definitely leas severe than that of morphine. The potency of isocodeme was 
calculated to be xh; and the duration of its physical dependence action was 
eighteen hours 

Dihydrouocodnne acid tartrate Satisfaction of physical dependence by this 
drug was neither prompt nor complete even though doses were administered 

1 Dlhydrocoddne and 1 aoe ode! ne were furnished u *tk*loid*l b**e* Weighed 
amount* of the base* were dissolved in I N HC1 neutralised to pH 7 god diluted to a 
convenient concentration prior to administration The value* for potencies of theee 
drug* are given in term* of their respective add tartrate* The acid tartrate of H 2-C 
known aa Tara codin contain* 84 3 per eent base and that of Iao-C contains 68 6 per 
cent bate 



44 


C K H HIM ELSE ACH 


five times daily m amounts averaging four times those of morphme Never- 
theless, the abstinence syndrome was nearly as severe as that which follows 
withdrawal of morphme The potency of physical dependence action of 


TABLE 1 



TABLE 2 

Companion of several measures of physiologic equilibnum and dosage during morphine 
stabilization and after substitution of five denvalivet 



Temperature rectal, *C 
Respiratory rate 
AM ByatolioB P 
Calorio intake 
A 31 weight (Uat day) 
Total dally doae (m*m ) 
Number of dally injections 

Number of patients 




MtoHJ* 


iso-M 

37 0 17 0 

16 16 

112 110 

2520 2500 

5 7 57 SO 

204 71 

4 4 

11 


dihydroisocodeine was calculated to be xir and the duration of this effect 
was thirteen hours 

Alpha-isomorphine-hydrochloride Satisfaction of physical dependence 
upon substitution of this drug was prompt and adequate Its potency was 
calculated to be gV The abstinence syndrome which followed its withdrawal 
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was about as intense as that of morphine Analysis of the data on the onset 
of the abstinence syndrome showed the duration of physical dependence action 
of this drag to be thirteen hours. 


SUBSTITUTION STUOttS ON FIVE DRUGS 



pm r nint T~ n ~ r t i t r r ~ w i t 


■ Mcm»cCE*m»s-«c*oa 

— i— Sjwtrrun 

Fia I 

Dihydro-alpha laomorpkvu hydrochloride Satisfaction of physical de- 
pendence by this drag waa prompt and adequate Its potency was calculated 
to be -,V The intensity of the abstinence syndrome which followed ita 



ONSETS OF ABSTINENCE SYNDROMES FOLLOWING ABRUPT 
WITHDRAWAL OF SIX SUBSTITUTE DRUGS 



Fio 2 
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withdrawal was about as severe aa that which follows withdrawal of morphine. 
The duration of its physical dependence action was eighteen hours. 

Dihydromorphinone hydrochloride ( DUovdtd) This drag was administered 
to a group of five morphine addicts merely for the purpose of obtaining data 
on the duration and potency of its physical dependence action. Owing to 
the brevity of its physical dependence action (seven hours) it waB administered 
six times daily Doses one seventh as large as morphine satisfied physical 
dependence on this schedule, whereas doses one fourth aa great aa morphine 

TABLE 8 


The effect* of altered ttruciwt on phyncal dependence action 



eorwer 


(a) Methylatlon of the phenoHe OH 



M to 0 

— 

+ 

H 2 M to H 2-C 

— 

+ 

Iao-M to Iso-0 

— 

+ 

H 2-Iao-M to H 2-I»o-C 

— 

— 

De*o-M to De*o-C 


+ 

(b) Replacement of alcoholic OH hyHorO 



H 2-M to Doao-M Dflaudld 

+ + 

— — 

n 2-I»o-M to Dllaudid 

+ + 

— — 

n j-c to Dcto-o 

+ 

— 

II 2-I*©-0 to Deeo-C 


- 

(e) Spatial ahlft of the alcoholic OH 



M to Iao-M 

+ 

— 

H 2-M to H 2 Iao-M 

— 

— 

0 to Iao-C 

— | 

+ 

H-2-C to H 2 Iao-C 

+ 

- 

(d) Saturation of C-7 8 double bond : 



MtoH2*M I 

+ 

+ 

I»o-M to H 2-I#o-M 

+ 

+ 

C to H 2-C i 

— 

+ 

Iao-C to H 2-Ito-C 

+ 



were administered four tunes daily in a previous study (4 and 1 
Part HI) 

Data on the duration and potency of physical dependence action of mor 
phine, codeine, and nine of their derivatives maie possible nineteen paired 
comparisons in which one drag of each pair differs from the other in only one 
structural respect. Such comparisons presented in table 3 yield information 
pertaining to the influence of four types of structural alteration on these 
addiction characteristics. 
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SUMMARY 

By means of the substitution technique, data were obtained on the potency 
and duration of physical dependence action of each of ten related drugs of the 
morphine, codeine senes From comparisons of pairs of drugs, differing 
from each other in only one structural respect, it would appear that in so far 
as physical dependence action is concerned 

(a) Methylation of the phenolic OH reduces potency and prolongs action, 

(b) Replacement of the alcoholic OH by H or 0 increases potency and 

shortens the action, 

(c) Spatial shift of the alcoholic OH results in irregular effects, and 

(d) Saturation of the C-7, 8 double-bond tends to increase both the potency 

and duration of action 

These findings are quahtativelj similar to those of Small and Eddy (1, 
Part I) in so far as the effects of (a) methylation of the phenolic OH and 
(b) replacement of the alcoholic OH by H or 0 are concerned, but are qual- 
itatively somewhat dissimilar to their findings on the effects of (c) spatial 
shift of tho alcoholic OH and (d) saturation of C-7, 8 double bond The 
dissimilarities can be considered favorable to the assumption of a dissocia- 
tion of physical dependence action from other morphine effects None of the 
types of chemical modification mentioned m this report caused reductions in 
both duration and intensity of physical dependence action 
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It ia the consensus of moet investigators that clinical yaws is as difficult 
to cure as is syphilis (1), yet on the experimental ride it appears that adequate 
therapeutic studies are wanting Nichols (2) did make an interesting com- 
parison of the two experimental diseases, though on the basis of more modem 
techniques his results must be considered to be inadequate since his only 
criteria of cure were the regression of lesions and the disappearance of positive 
serological reactions. Neither lymph node nor tissue transfers were made to 
determine sterilisation, hence conclusive results were not obtained 
While a considerable amount of work (2-8) has been done on the compare 
tlve pathogenicity and immunology of yaws and syphilis in rabbits and in 
monkeys, there is a glaring paucity of information on the subject of therapy 
It is, therefore the object of this paper to fill in this gap so far as present 
facilities permit. Information on this phase of the subject might possibly 
have some bearing on the academic question of Identity of the two 'diseases/' 
providing the responses to therapy were significantly different 
The Nichols strain of Treponema pallidum maintained in this laboratory 
since 1923 was used in these studies and the yaws strain was one generously 
supplied by Dr Alan M Chesney The two diseases were maintained by 
testicular transfer in the same laboratory under as nearly similar conditions 
as possible Rabbits with typical lesions were selected for the therapeutic 
studies and each animal was treated with a single intravenous injection of 
an arsenical drug Seven days later the testicular lesion was removed minoed 
and extracted in 0 9 per cent sodium chloride solution. The extract so ob- 
tained was injected Intratestlcularly into two recipient rabbits which were 
then observed for from right to twelve weeks for the appearance of lesions 
and positive blood Waseermann reactions. When the recipient animal* 
failed to show lesions at the site of injection or a positive blood Wassennann 
reaction the original rabbit from which the transfer was made was considered 
cured These entena of cure were selected since It has been observed that 
the results of lymph node transfers used so frequently in studies of rabbit 
syphilis, were irregular m rabbit yaws (4 7 9) 

The results of maphareen therapy in rabbit yaws and rabbit syphilis are 
given in table 1 It is evident that there ia no significant difference in the 
49 
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TABLE 1 


Mapharsen therapy q if rabbit i/a tea and rabbtt eyphilit unng mfeclunty of tetticular 
material * at the criterion of cure 


DISEASE 

do«e or 
WATHArar^t 
(mow rx* xov 
or BOOT 
•wxjoht) 

MUMBE1 or 
iubbits 

imnn 

CUBED 

HUMBER HOT 
CUBED 

Yaws 

2 0 

5 

1 

4 

Syphilis 

2 0 

4 

2 

2 

\aws 

3 5 

3 

1 

2 

Syphilis 

3 S 

3 

1 

2 

Yaws 

5 0 

3 

3 

0 

Syphilis 

5 0 

3 

2 

1 

Syphilis 

7 0 

2 

2 

0 


* The testicle showing the largest lesion was selected for transfer which was made 
seven days after the administration of the drug 
t Single dose administered intravenouslj 


TABLE 2 


N caartphenaminc therapy of rabbit yaws and rabbit syphilis using mfcciinly of testicular 
material * at the criterion of cure 


DISEASE 

DOCK or HXO- 

ARSrHEHA 
MIHEf (MOM 
HER KOM. or 
BODT WHOBT) 

HUMBER OT 
RABBITS 

HUMBER 

CURED 

HUMBER HOT 
CURED 

Laws 

4 

1 

1 

0 

1 aws 

7 

4 

3 

1 

Syphilis 

7 

3 

1 

2 

\ aws 

IS 

3 

3 

0 

Syphilis 

13 

3 

3 

0 

Yaws 

20 

3 

3 

0 

Syphilis 

20 

3 

3 

0 

Yaws 

50 

5 

5 

0 

Syphilis 

50 

1 

1 

0 

Yaws 

100 

1 

1 

0 


* The testicle showing the largest lesion was selected for transfer which was made 
seven days after the administration of the drug 
t Single dose administered intravenously 
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response of the two diseases to therapy with this arsenical, nor is there a 
significan t difference in the response of the two diseases to therapy with 
neoaraphenamine , as indicated In table 2. The fact that the two experimental 
diseases are cored with about equal ease is in agreement with the clinical 
results of Pardo-Caatello (1) The writers recognise that equal susceptibility 
to cure has no necessary bearing on the identity of the two diseases. Rabbits 
infected with Trypanosoma eqmperdum are cured by certain arsenical drugs 
in about the same dceage as required for rabbits infected with Treponema 
palltdum, yet no one would conclude that the two diseases are identical. 
It may be noted that yaws and syphilis are cured with equal esse, yet they 
can usually be differentiated with readiness on the basis of physical signs, 
as claimed by Turner and Chesncy (5) 

The foregoing data, using testicular transfer as the criterion of cure, indi- 
cate that the therapeutic index of single doecs of neoarspbenamme is superior 
to that of single doses of mapharaen in the treatment of rabbit yaws and 
rabbit syphilis Tho rabbit tolerates 150 m g m. per Idlogram of neoaraphen 
amino and mapharaen is tolerated at only 10 mgm- per kilogram whereas 
tho single minimal curative doses are 13 and 5, respectively 
These data should bo read in tho light of previously published evidence 
that multiple doses of mapharaen (10) are considerably more efficient than 
single doses whereas, according to Kolmer (11) neoaraphenamine is relatively 
less efficient. Consequently the significance of this contribution resides m 
its bearing on relative curability of yaws and of syphilis and not on the deter- 
mination of conditions for the development of maximal therapeutic effi- 
ciencies. 


BtJUMABT AND CONCLUSIONS 

The comparative response of rabbit yaws and rabbit syphilis to therapy 
with single doses of mapharaen and neoaraphenamine has been determined, 
and from the data obtained it appears that there is no essential difference in 
the ease with which the two diseases may be cured 
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Certain derivatives and analogues of sulfanilamide which possess varying 
degrees of efficacy in the treatment of bacterial infections have been syn- 
thesized and investigated Among them, it has been found (1, 2) that 
certain of the A M -acyl derivatives of sulfanilamide possess low toxicity and 
are effective m combating experimental streptococcic infections m mice 
Following this, fourteen members of a senes of N 4 -aeylsulfnmlhydroxamides 
have been synthesized (3) Inasmuch as several of these compounds, par- 
ticularly those in which the acy 1 group contains four or more carbon atoms, 
are effective antistreptococcic agents of low toxicity, it has seemed of interest 
to report the chemotherapeutic data on the senes 1 

Technic For Streptococcal Teste White mice, weighing 18-22 grams, were employed 
as test animals throughout the investigation These mice were of a standard stock 
strain, secured from one sourco 

^-Hemolytic Streptococcus (Strain No 1685) has been used for routine chemothera- 
peutic tests for the detection of compounds possessing antistreptococcic activity This 
Btrain was isolated from a case of erysipelas and because of its broad antigenicity and 
high virulence has been employed since 1929 in the production of erysipelas antiserum. 

The procedure adopted in growing and maintaining the virulence of the culture is 
that which has been employed for many years in the standarduation of antistrepto- 
coccic serums If a culture is used every week it is passed once through mice before 
use If more than one week elapses between tests at least two and sometimes three 
mouse paasages are executed in order to assure satisfactory virulence, which is deter- 
mined by protection tests with a standard serum in conjunction with plate counts 

The following routine for the preparation of the test cultures is earned out Mice 
are injected intrapentoneally with a 7-hour rabbit blood broth culture diluted 2 X 10"' 
Eighteen to twenty hours later moribund animals are sacrificed and approximately 
0 1 co of heart’s blood is planted into rabbit blood broth Blood agar plates are 
streaked for punty at the same time The following morning 0 2 co of the culture is 
transferred to a tube containing 5 oc of warm Hygiemo Laboratory broth* containing 
10 per cent rabbit serum Five to six hours later, the required turbidity of 2 X 10* 
organisms per cc is reached Dilutions for the test are made with Dunham's peptone 

1 The chemotherapeutio activity of three members of the senes, n-valeryl, n hexanoyl, 
and n-heptanoyl sulfamlhydroxamide, has been reported by Cooper, Gross and Lewis, 
Froc Soo Expt Biol Med , 43, 491, 1940 

* Veal infusion broth containing 2 per cent neopeptone and 0 5 per cent NaCl adjusted 
to pH 7 4 
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water It has been found that when five or more mice are each Injected Intraperl time- 
ally with OJS ce of the 5 X 10“' dilution at least half of them succumb to the infection 
within 73 houri Tbia dilution haa been designated aa the minimal lethal doae, and 
contalni one to five organ lama 

The treated animala were infected intraperitoneally with 1000 lethal doaea of the 
■treptocoed A minimum of ten mice, not receiving treatment, were alao Infected with 
a similar doae five at the beginning and fire at the end of each experiment. At the 
time of each teat the culture waa titrated for the determination of the minimal lethal 
doae thua assuring an infective doae of th# required standard. Blood agar platea were 
made with Oh cc. of the three hlgbeat dilutions for eatimatlon of the number of viable 
organisms per minimal lethal doae. 


TABLE 1 

A cfls ulfa niUifd roxmridtt 


InftcUon Btreptocoecns (strain #1683) 1000 lethal doaea. 

Trtalmtnl Single doae administered orally simultaneously with Injection of the 
culture 



f 






MAjroa 




Tin* of IUT» 



nova a* 


IOC* 

1 

> 

1 

4 

1 

Controls 


8 

106 

51 

6 

2 

2 

0 

Sulfanilamide 

13-4301 

7 

104 

93 

01 

85 

75 

69 

A^-Propionylsulfanllhydroiamide 

12-200 

1 

27 

85 

48 

26 

4 

0 

N*-ButyTylrullanUhydrovamlde 

U-200 

8 

09 

100 

98 

87 

68 

65 

AT*-ValerylaulfanllhydroxAmlde 

13-200 

8 

68 

100 

100 

98 

88 

78 

N' ‘-Hexanoylaulf anllbydroxamlde 

12-200 

4 

87 I 

06 : 

94 1 

79 1 

71 

63 

AT*-Hep tan oylaulf anil hyd roxaml d e 

13-200 

2 

48 

98 

90 

85 

73 

73 

//'-Octanoylsulfanllhydroxamldo 

13-601 

1 

12 

100 

100 

92 . 

83 

83 

N‘ ‘-Nonanoylsul f anj lhydroxamlde 

13-200 

1 

24 : 

100 

75 i 

S3 1 

12 

3 

If' *- Uoval ery laulf anilhy droxaml d e 

13-200 

1 

24 

92 

75 

M 

S3 

26 

NMso hex an oylsulfanll hydro mmlde 

12-150 

1 

20 

100 

100 

100 

95 

90 


The compounds were administered to group* of mice at 12, 24 48 00 80 100, 160 
and 200 mgm. do*ea. 

t The anhnals treated with each compound were observed Individually and the re- 
sults pooled for calculation of tha percentage survival for aach day 

t Larger doae* not given because of acute toxicity 

I Larger doses not given because of inability to administer the compound in mors 
concentrated suspensions. 

The chemical compounds were euapended In 0.5% tragaeanth and administered 
orally in a volume of 0A cc 

The mice were obaarvad dally for five to seven day#, aa recorded In the tablet. 

REffPLTB 

1 Anti streptococcal data 

a Single dose treatment. In the earlier experiment*, a (angle dose of each 
chemical compound waa given aknultaneoualy with the mfectrt e organisms at 
dose levels ringing from 12 to 200 mgm. per mouse (table 1) The adminls- 
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tration of the compounds m this manner served a two-fold purpose, since a 
preliminary indication of both the chemotherapeutic activity and the relative 
toxicity of the compounds is obtained Doses of more t han 60 mgm. of 
sulfanilamide were not employed because of the acute toxicity of this drug 
in this and larger amounts The unacylated compound, sulfamlhydroxamide, ’ 
is also toxic in doses of more than 60 mgm On the other hand, the acyl 
derivatives of sulfamlhydroxamide appear to be innocuous in a Bingle dose 
of 200 mgm 

Examination of the data m table 1 indicates that five members of the senes, 
n-butyryl, n-valeryl, fi-hexanoyl, n-heptanoyl and n-octanoy], possess promis- 
ing antistreptococcic properties 

b Four dose-four day treatment As the work progressed a dosage schedule 
was developed which permitted a more ngid companson of the chemothera- 
peutic activity of each compound with that of sulfamlamide than was af- 
forded by the previous tests 

The results obtained from a senes of exploratory tests, using 1 5 to 16 mgm 
doses, indicated that four doses of 6 mgm each administered at 24-hour 
intervals provided a suitable treatment schedule for the compounds, the 
first dose was administered simultaneously with the culture In our hands, 
this treatment has proved satisfactory for purposes of general companson 
with sulfanilamide of these, and other compounds of similar solubility In 
38 separate tests, made over a penod of two years and employing a total of 
600 mice, we have found that 20 to 26 per cent of the animals thus treated 
with sulfanilamide survive for a selected observation penod of seven days 
This figure (20 to 26 per cent) allows a more cntical evaluation for comparative 
purposes than could be obtained with a greater survival percentage 

When sulfapyndme became available it was also included on each test and 
gave results almost identical with those of sulfamlamide 

The number of tests made on each compound, together with the results 
obtained, are recorded in table 2 A minimum of 10 mice was used in each 
test on a single compound, several tests employed as many as 60 mice It 
may be observed from the data that here again n-valeryl, n-hexanoyl, and 
n-heptanoyl are the most active denvatives of the group It would appear 
that these three compounds compare favorably with sulfamlamide and sulfa- 
pyndine under the conditions of this test 

In a single set of experiments the three most active members of the acyl- 
sulfamlhydroxamides, together with sulfamlhydroxamide, sulfamlamide and 
sulfapyndme, were tested at an equivalent dose level calculated in terms of 
millimoles per mouse, rather than milligrams The results are given in 
table 3 and indicate, as was anticipated, that mole for mole, the n-valeryl, 

•The synthesis of Bulfamlhydroxamide and acetylsulfamlhydroxamide has been 
reported by Kharaseh and Reinmuth, U S Patent 2,097,414, Chemical Abstracts, 
32 , 1407, 193S 
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TABLE 3 

tfi-AryiruIfanilAydroxamidti 

Infection. Streptoeoccnj (atrain f 1685) 1000 lethal do»e*. 

Treatment Fcrar 6-rogm do»ea orally at 24-hour interrala firat do#© adminlatered 
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Companion of cXcwtolktrapmlic adimty of certain acyUnlfanilkydroramxdet rulfanil 
amide and eulfapyndine on the batit of molar etjuiralml done 
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n-hexanoyl and n-heptanoyl derivatives exceed sulfamlhydroxamide, sulfa- 
mlamide, and sulfapyndine in chemotherapeutic efficiency against experi- 
mental streptococcal infections m mice under these experimental conditions 

£ Anti-mcningococcal data 

A series of tests has also demonstrated the activity of the compounds 
against the meningococcus (table 4) In these tests experimental infections 
in Swiss mice were produced with a strain of Type I meningococcus by the 
use of mucin, according to the method of Miller and Castles (4) The treat- 
ment of the animals varied from that used in the antistreptococcic tests in 
that the dose was increased from 5 to 20 mgm, and an extra dose was given 
seven hours after the infection 


TABLE 4 

Results with meningococcus Type I, 100 to 1000 lethal doses 
Treatment Five 20 mgm dosesorally First dose administered aimultaneously with 
injection of the culture, and at intervals of 7, 24, 48 and 72 hours 
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20 

3 


78 

50 



23 

20 

20 

W'-Valerylsulfatulhydroxamide 

20 

2 


85 

35 

35 

35 

Fiji! 

30 

30 

AT 4 -Hexanoylsulfanilhydrox- 











amide 

20 

3 

30 


47 

EH 

26 

23 

20 

20 

A 4 -Heptanoylaulfanilhydrox- 











amide 

20 

2 

20 

95 

El 

El 

15 

15 

15 

15 


S Blood studies 

In'order to correlate the chemotherapeutic effectiveness of these compounds 
with the blood concentrations attained we have determined the blood levels 
produced m mice on the dosage schedules employed in the above experiments 
In this report, NMiexanoylsulfandhydroxamide has been selected as represent- 
ative of the three more active compounds for comparison with sulfanilamide 
with respect to relative absorption and blood concentration on the five milli- 
gram dose level, and with sulfapyndine on the twenty' milligram dose level 

Sulfanilamide and sulfapyndine determinations were made by the methods 
of Marshall (5) A’-Hexanoylsulfamlhydroxamide was determined by the 
following method ■* 

Add 1 cc of blood to 4 cc of saponin solution (0 5 gram per liter), after laking of 
blood (6 minutes) add 15 cc of 05 pier cent ethanol and then 1 drop of p tolueneeulfomc 

4 This is a modification of a method developed by Dr Hansen, Jefferson Medical 
College, which will be reported m complete detail elsewhere 
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arid aolotion {20 per cent) and allow to stand for 5 minute* before filtering. Place 6 cc. 
of the Mleohohe Wood filtrate in mIOcc calibrated tube and evaporate oo a water bath 



Oaxra 2. Couruutov or me Blood Coiraomu.Tioir or StJumarDiKi ajid 
SuLTABaxiini)* w Mica inu mi Oeal Admi*i9T7utiox or Two 20 
mom Doeca, with thi Becojtd Doaa Oinx oh thb Barrjrru Houb 


to 1 cc Add 2 oe. of p-tolueneaulfonic add to tbe aolutlon, make up to 10 cc. volume 
with dittilled water and heat on a water bath for 90 minutes. Cool adjust to 10 oo. 
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volume and filter To 5 cc of this filtrate add 0 5 co of 0 1 per cent sodium nitrite 
nnd mix. After 3 minutes add 0 6 cc of 0 5 per cent ammonium sulfamate in 1 M sodium 
dihjdrogen phosphate solution and mix After 3 minutes add 0.6 cc of 0 1 per cent 
IV-G-naphthyl) ethylene diamine dihydrochlonde solution and mix After 10 minutes 
read the solution in the Klett colorimeter using filter H 54. This gives the total 
hexanoylsulfamlhydroxamide, while the free or deacylatcd product is determined by 
evaporating £ cc of the original alcoholic blood filtrate to 1 cc Cool and add 2 cc 
of p-toluenesulfonic acid and make up to 10 cc volume with distilled water Filter 
and use 5 cc of filtrate for diasotiration as described above 

The results of the blood tests are shown in the graphs Each determina- 
tion was made from the pooled blood of five mice The data on the five 
milligram dose are shown on graph 1 and indicate that iVMiexanoylsulfanil- 
hydroxamide is absorbed more slowly than sulfanilamide and its maximum 
concentration is lower It also appears that over an eight hour period the 
concentration of the sulfonhydroxamide is maintained more uniformly The 
data on the 20 milligram dose as shown on graph 2 indicate that the same 
relationship holds true in comparison with sulfapyndme, m that the drug 
is absorbed more slowly and its concentration m the blood is lower 

SUMMARY 

Fourteen members of a senes of A r '-acyIsulfanilhydroxamides and four 
related compounds have been tested for chemotherapeutic activity Three 
of the derivatives, n-valeryl, n-hexanoyl and n-heptanoyl, possess a high 
degree of efficacy in combating experimental streptococcal infections m mice 
They have also been found to be effective against a strain of meningococcus 

Blood concentrations of N*~h exan oy lsulf amlhy d roxami d e, sulfanilamide 
and sulfapyndme have been determined in mice and correlated with chemo- 
therapeutic activity 
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the local anesthetic activity and toxicity of 

ALKAMINE ESTERS OF p-FLUOROBENZOIC ACID 
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Recent investigations have demonstrated that fluorine can sometimes re- 
place the hydroxyl group in compounds having physiological activity without 
the loss of that activity The remarkable inertness of organic fluorine (1) 
led two of the authors (2) to prepare some analogues of procaine containing 
fluorine in the para position. The following compounds {as hydrochlorides) 
have been studied with respect to their anesthetic efficiency and toxicity 
A Dtethylaminoethyl p-fluorobenioate 
B Dipropylaminoethyl p-fluorobenioate 
C Dibutylammo ethyl p-fluoroben*oate 
D Diethylanuno propyl p-fluorobenxoate 
E. Dipropylamino propyl p-fluorobenxoate 
F Dibutylamlno propyl p-fluorobenxoate 
The methods employed to estimate the anesthetic activity of the com- 
pounds were limited to three procedures anesthesia of goldfish, anesthesia 
of the rabbit s cornea, and the dermal wheal, with the intention of extending 
these if the results seemed to warrant it The goldfish method used was that 
of Dailey and Benedict (3) This procedure probably does not measure 
local anesthetic effect exclusively as the systemic effects of the compounds 
are simultaneously produced by absorption through the gills The rapidity 
with which the fish become refractory to pmching the tail fa in general, how 
ever, closely correlated with the anesthetic efficiency of many anesthetics 
as determined by other methods. Anesthesia of the rabbits cornea was 
determined by the method of Schmits and Loevenhart (4) and the criterion 
used was the duration of anesthesia since Smha (6) has pointed out the 
superior si gnific ance of this characteristic. The dermal wheal method used 
was that of Sollmann (0) and the criterion used was that of duration of anes- 
thesia by a fixed concentration. This is probably leas valuable than a deter 
munition of the threshold concentration requisite for anesthesia but it is 
better adapted to provisional experiments The volar surface of the fore- 
arm was used and at least four wheals in different subjects were tested for 
each compound The toxicity of the various compounds was determined 
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volume and filter To 5 cc of this filtrate add 05 cc of 0 1 per cent sodium mtnte 
and mix. After 3 minutes add 0 5 cc of 0.5 per cent ammonium sulfamate m 1 M sodium 
dihydrogen phosphate solution and mix After 3 minuteB add 0 5 cc of 0 1 per cent 
A r -(l-naphthyl) ethylene dtamme dihydrochlonde solution and mix After 10 minute* 
read the solution m the Klett colorimeter using filter #54 This gives the total W 
hexanoylaulfanilhydroxamide, while tho free or deacylated product is determined bj 
evaporating 5 cc of the original alcoholic blood filtrate to 1 cc Cool and add 2 ee 
of p-toluenesulfonio acid and make up to 10 cc volume with distilled water Filter 
nndnso 5 cc of filtrate for diasotisation as described above 

The results of the blood tests arc shown in the graphs Each determina- 
tion was made from the pooled blood of five mice The data on the five 
milligram dose are shown on graph 1 and indicate that A^-hexanoylsulfanfi- 
hydroxamide is absorbed more slowly than sulfanilamide and its maximum 
concentration is lower It also appears that over an eight hour period the 
concentration of the sulfonhydroxamide is maintained more uniformly The 
data on the 20 milligram dose os 6hown on graph 2 indicate that the same 
relationship holds true m comparison with sulfapyndme, in that the drug 
is absorbed more slowly and its concentration m the blood is lower 

SUMMARY 

Fourteen members of a senes of A^acylsulfamlhydroxamides and four 
related compounds have been tested for chemotherapeutic activity Three 
of the denvatives, a-valeryl, n-hexan oyl and n-heptanoyl, possess a high 
degree of efficacy m combating experimental streptococcal infections in mice 
They have also been found to be effective against a strain of meningococcus 

Blood concentrations of iV'-hexanoylsulfamlhydroxamide, sulfanilamide 
and sulfapyndme have been determined in mice and correlated with chemo- 
therapeutic activity 
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Recent investigations have demonstrated that fluorine can sometimes re- 
place the hydroxyl group m compounds having physiological activity without 
the lo« of that activity The remarkable inertness of organic fluorine (1) 
led two of the authors (2) to prepare some analogues of procaine containing 
fluorine in the para position. The following compounds (as hydrochlorides) 
have been studied with respect to their anesthetic efficiency and toxicity 
A. Diethy lammoe thy 1 p-fluorobenioate 
B Dipropylaminoethyl p-fluorobenxoato 
C Dibutylamino ethyl p-fluorobenxoate 
D Diethjdamino propyl p-fluorobenxoate 
E. Dipropylamino propyl p-fluorobcnxoate 
F Dibutylamino propyl p-fluorobenxoate 
The methods employed to estimate the anesthetic activity of the com- 
pounds were limited to three procedures anesthesia of goldfish, anesthesia 
of the rabbit’s cornea, and the dermal wheal with the intention of extending 
these if the results seemed to warrant it. The goldfish method used was that 
of Dailey and Benedict (3) This procedure probably does not measure 
local anesthetic effect exclusively as the systemic effects of the compounds 
are simultaneously produced by absorption through the gills The rapidity 
with which the fish become refractory to pinching the tail is in general, how 
ever, closely correlated with the anesthetio efficiency of many anesthetics 
as determined by other methods. Anesthesia of the rabbits cornea was 
determined by the method of Schmits and Loevenhart (4) and the criterion 
used was the duration of anesthesia since Slnha (5) has pointed out the 
superior significance of this characteristic. The dermal wheal method used 
was that of Bollmann (6) and the criterion used wns that of duration of anes- 
thesia by a fixed concentration This is probably less valuable than a deter- 
mination of the threshold concentration requisite for anesthesia but it is 
better adapted to provisional experiments. The volar surface of the fore- 
arm was used and at least four wheals in different subjects were tested for 
each compound. The toxicity of the various compounds was determined 
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after subcutaneous mjection in mice At least 26 mice were used for each 
compound and all deaths occurring within 24 hours were included The 
LD50 was computed by Dragstedt’s method (7) The data mth respect to 
anesthetic activity, toxicity and irritation are shown in the table 

TABLE l 

Antithetic efficiency and loxtaty oj fluorine compound* 


ccn/Tocmt 



Co- 

caine 

Pro- : 
caine , 

A 

B 
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D 

E 

F 

Onset ot anesthesia (minutes) m 
goldfish* 

Duration (minutes) anesthesia rab- 


9 9 

9 6 

6 3 
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5 4 

8 2 

4 6 

3 5 

bits’ corneaf 

29 


0 

3 2 

KE 

3 5 

7 6 

■m 

Degree irritation rabbits’ corneaf 
Duration (minutes) anesthesia hu- 
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4-4- 
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| ++ 
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+ + 
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++ , 

4-4- 

man wheal J 


26 

21 

41 5 

32 

24 5 

63 5 

wm 

Degree irritation— human Bkin t 


Hi 

0 

+++ 

+++ 

+ 

+ 

i + 

LDSOrmcc (mgm per kilogram) 


SB 


ifiiiil! 

mm 

mm 

1850 

2550 


* All compounds in 0 5 per cent 
f Cocaine HC1 in 1 0 per cent, all others 2 per cent 
{ All compounds in 2 0 per cent 


DISCUSSION 

The activity of the para-hydroxybenzoyl alkamine esters prepared by 
Rohmann and Scheurle (8) encouraged the belief that with the substitution 
of fluonne for hydroxyl, the alkamine esters of fluorobenzmo acid might re- 
tain the anesthetic activity of the para-hydroxy esters, but with reduced 
toxicity The results on six compounds reported here, indicate that this is 
actually the case All but one of the compounds (A) reduced anesthesia 
m goldfish more rapidly than procaine, elicited a dermal wheal anesthesia 
of longer duration than procaine, were capable of producing topical anes- 
thesia on the rabbit’s cornea, and were less toxic to mice than procaine All 
of these compounds produced considerable tissue irritation however This 
was evidenced by marked conjunctival irritation m the rabbit, irritation 
at the site of the dermal wheals, and irritation to necrosis and sloughing at 
the site of the subcutaneous rejections in the mice Compound A was con- 
siderably different from the rest It produced little tissue irritation, and 
while displaying no substantial capacity to induce topical anesthesia, it 
appeared to be similar to procaine m both the goldfish and the derma! wheal 
tits Inasmuch as it appears to be substantially less toxic than procaine 
it may ment further study 
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In addition to effects on the circulation and other systems under autonomic 
nervous control, certain of the sympathomimetic amines act directly on the 
central nervous system Although the literature on these compounds is 
large and rapidly growing, it deals mainly with the autonomic actions, and 
only limited information is available about the central effects 

The stimulus for this study came from certain reactions to these compounds 
in narcosis produced by various hypnotics (13) It was observed that, al- 
though some of these amines had little or no power to hasten awakening from 
deep narcosis, after the animals were aroused they exhibited excitation re- 
sembling intense stimulation of the higher centers of the brain This was 
characterized by purposeful, coordinated movements resembling those of the 
,, .excitability of hyperthyroidism and not by convulsive seizures such as occur 
from stimulation of the medullary centers and spinal cord The activity 
* was of a contmuous coordinated type, the animals moving restlessly about 
the cage, gnawing at the wire, licking their tails, rubbing their noses, and so 
on The severest form of this activity amounted almost to maniacal frenzy 
Smce this type of stimulation resembled that which may be therapeutically 
useful in the treatment of narcolepsy and depressed states, it seemed desir- 
able to measure it quantitatively, and to determine, if possible, which com- 
pounds possessed an optimal activity Such a study might reveal whether 
the present clinical popularity of benzedrine (amphetamine) as a central 
stimulant is justified, and if not, whether a more desirable effect could be 
obtained with some other amine 

A special apparatus for measuring the spontaneous activity of the rats was 
developed, which would not put them under restraint, or induce activity by 
itself This has been described elsew here (12), together with limited observa- 
tions of certain popular analeptics to serve as controls for the effects of the 
sympathomimetic amines 

1 Supported, in part, by Grant 380 of the Therapeutic Research Committee of the 
Council on Pharmacy and Chemistry, American Medical Association, and by the Rocke- 
feller Fluid Research Fund 
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METHODS 

Tbe apparatus used 1* Illustrated In figure I It consisted of * email wire cage 
approximately air In char square holding one rat, suspended from a long flexible spiral 
spring In inch a manner that it moved up and down In response to each movement, or 
change in balance, of tbe animal The motion waa *um mated by mean* of a Harvard 
work adder connected to tbe spring, and recorded by having each revolution of tbe work 
■dder close an electrical circuit through a mercury cup to a signal magnet writing on a 
long kymograph. Twenty *uch unit* were u*ed simultaneously enclosed In a brightly 
lighted constant temperature chamber kept at between 27 and °P*C These condition* 
were selected because it La known that white rat* hare a mi nim a l aativity at this tem- 
perature, in bright light. 



Fia I Diaoeaw or Acnvnr Cage amd Ercoamwa Dene* 

The movements of the cage on the spring are summated by tbe Harvard work adder 
Thla has been modified by the addition of a mercury cup through which the electrical 
circuit to the signal magnet la closed on each revolution of the adder wheel. 

Ten adult rat* conelatlng of 6 male* and 5 female*, were uaed as a group each animal 
being Injected subcutaneously with the dose of the drug to be tested |n proportion to 
tbe body weight,* dissolved in not more than 1 0 oc. of fluid. The rata were then quickly 
placed in the cage* and recording* were continued at least four hours, or until the 
animals had returned to a state of normal activity This usoslly required between 
five and seven hours. The results were then read from the kymograph record as revolu 
tions of tbe work adders In each half hour period. The average activity of the 10 aal 
tnals for each period was calculated and from these value* were subtracted the control 
values to give the net change in activity 

In determining control values, which represented the normal spontaneous activity 
of unmedicated rat* under these conditions we used the method of our first paper (12) 


* All doors in this paper are expressed in milligrams per kilogram of body weight 



64 


SCHULTE, BEEP, BACHEB, LAWRENCE AND TAINTEB 


One-half of the animals (the controls) were injected subcutaneously with normal saline 
solution (0 85 per cent NaCl) each day for a considerable period, and the other half 
with the amine under investigation The following week the injections were rejieated 
with the groups reversed Finally these control observations on 280 individual animals 
were grouped together and averaged From these values the expected spontaneous 
activity could be predicted with high probability by the usual statistical methods 
In this way it wsb determined that during the first half hour the average control activity 
of each rat was 2 3 revolutions, during the second half hour 1 0, and during each suc- 
ceeding half hour 0 8 revolutions Subtracting these "blank" values from those of 
the corresponding experimental periods, we obtained the net change of activity ascnb- 
able to the drug injected The summated activity over the first 4 hours in the controls 
Averaged 8 1 revolutions for each rat, with a standard error of the mean of 2 57 revolu- 
tions for groups of 10 rats Definite stimulation was not assumed to be produced unless 
the medicated rats exceeded this basic control activity by at least 3 standard errors or 

7 7 revolutions total in the first 4 hours 

The doses ueed began with amounts of the amines which were completely ineffective 
and were increased by increments of 100 par cent up to 320 mgm. per kilo, unless either 
convulsions or death ensued at a lower dosage level With a few of the amines, the com- 
plete range of dosage could not be tested because of limited solubility or insufficient 
available amounts of the compounds No group of rata was used more frequently than 
once a week, and usually, at least 10 days intervened between successive testa 

The amines investigated included oil the available members of the sympathomimetic 
group, as the racemic hydrochlorides, unless otherwise indicated The compounds 
consisted mainly of variants on the phenyl-ethyl and phenyl-propyl amine structures, 
with a few aliphatic amines and other derivatives Among these were ephednne, 
beniednne, and epinephnno, and their optical isomers Some leBs closely related com 
pounds, such as naphtholethylamine, were also included » 

i RESULTS 

' The names of the compounds and the results obtained are summarized in 
table 1, according to chemical group, range of dosage tested, threshold stimu- 
lant dose, maximum peak and total effect, therapeutic margin and fatal dose 
Because of the large number of compounds studied it is not feasible to 
discuss the results in any except general terms However, sufficient de- 
tail is given in table 1 to permit specific conclusions regarding each compound 
The average responses to d-benzednne, a potent compound, are summarized 
in figure 2, which indicates the speed of onset, intensity, and duration of 
action at various dosage levels 

1 The compounds listed below were supplied gratuitously by the manufacturers 
indicated, the remainder being obtained through the usual commercial sources (The 
numbers correspond with the listings in Table 1 ) Abbott Laboratories, 2 0 , 2/, Dr 
G A Alles, 2, 3, 4, S, Professor George Barger, 23, £7, t9, SO, 37, 38, 85, 68, Bilhuber 
Knoll Corp , 74, Burroughs Wellcome & Co ,61, Professor A C Crawford, 16, Hoffman 
Ln Roche, Inc , 34, I G Farbemndustne Ges , |2, SO, SI, 34, Eli Lilly & Co , 22, Merck & 
Co ,31, H A Met* & Co , 57, Dr Armando Novelli, S4, Sharp & Dohme, Inc , 6, 7, 

8 ZB, 28, 32, S3, 35, 38, 41, St, 63, 55, S9, 61, Smith, Kline A Frenoh, Inc , 9, 10, 11, IB, 

13, 14, IS, 16, 40, 43, Frederick Stearns & Co , 44, 43, 47, 43, 49, Professor Trefouel, 19, 
Winthrop Chemical Co , 58, 60, 6S, 64, 67, 68, 69 



CENTRAL BJTCCT8 OT AMINES 


65 


TABLE 1 

Tkt ctniral ttvmulanl achrilf in ujowreorfard rcMte rah of tynpaliuyviiwieUc amina 
injtcUd ivbcntaruotulf 

All do*e* ire expreaaed In mDlitrama per kflojmm of body weight. In the fatal 
dcwe column are ibown the lowest lathal do*e and proportion of animal* killed. Tber 
apeutle maixl° i* the fatal doae dirlded by the threabold doee 
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TABLE 1 — Continued 
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TABLE 1 — Concluded 
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It is seen that, according to minimum effective or threshold doses, the most 
active compounds, m descending order of activity, were as follows d-benze- 
dnne, f-epinephnne, rff-benzednne, /-benzedrine, /-ephednne, f-^-dimethovy- 
phenyl - 1 - ammo - S - propanol - 1, (S ~ hydroxy - 4 - methylphenyl) - 1 - 
ammo-2-propanol-f, mescaline, thiophenethylamme, and n-amylamme All 
the other compounds required over 10 mgm per kilo to produce any excita- 
tion The d- and df-benzednne and f-epmephnne were m a unique position, 
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since the threshold doees of less than 0 6 mgm indicated an order of 
cerebral activity much greater than that of all the other compounds. Also 
worthy of special comment, because of their wide clinical usage, were syn 
cphrine (uympatol), neosynephnne, and cobefnne, which did not cause central 
stimulation in any tolerated dose 

Another useful measure of excitation is the maximum degree of stnnula 
tion that a compound can cause at optimum dosage Under the conditions 
used by us the maximum stimulation compatible with life was about 85 
revolutions per hour at which level the animals exhibited almost maniacal 
frenzy Such intensity of stimulation was produced by d~ and dl-benxedrme 



Fio 2 Chakoxs ik 8*o*tax®ou» Acttvitt Pboduced bt Vahiquz Dose* or 

d B EBI CD BIKE WHEK IxjEcrrD SubCITTAKE OC8LT IK WinTH RaTB 

Each curve ihoTn tho «nn(e net Increase in activity of 10 rata on a given dose above 
that of the control 

and 1-ephedrme Almost as great an intensity was shown by d-poeudoepbe- 
drrne and parednne while 1 pseudoephednne, propadnne and 1-bcnzedrine 
were slightly less active causing a maximum of about 50 revolutions per hour 
The phenj lethyl-denvatives and the remaining ephednnes stimulated still 
less intensely Le., about 16 to 30 revolutions per hour A considerable 
number of the remaining amines showed some though unimportant, activity 
Despite its low threshold dose 1 -epinephrine caused only 13.8 revolutions 
per hour as a maximum peak effect. 

Differences in the duration of action of the various compounds were noted 
for some produced sharp increases in activity of short duration, while others 
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exhibited more gradual effects which were more persistent The increase 
in the average total number of revolutions over the entire period of an amin e’s 
action summated the total amount of stimulation produced dl-Bensednne 
and Z-pseudoephednne were practically identical m this respect, both causing 
an average total increase of about 310 revolutions in 11 and 8 hours, respec- 
tively d-Benzednne fell to a definitely lower level of 234 revolutions in 7 
hours, and still lower were other ephedrmes, ranging between 113 and 18 6 
revolutions total increase Paredrme and propadnne, with about 100 revo- 
lutions total, were the least effective of this more potent group Because 
of a lesser intensity of the peak effect, and a short duration of three hours, 
Z-epinephnne caused a total average increase of only 19 2 revolutions after 
the most effective dosage, which was 2 mgm 


D-BENZECKINE 
R-BENZEDRlNE 
L- BENZEDRINE 
L-EPfNEPHRfNE 



■ L-EPHEDRINE ■■ 

l D-PSEUD0EPHEDR1NE ■ 
l L-PSEUDOEPHEDRINE ■ 
i R-EPHEDR1NE ■ 

l D-EPHEDRINE | 

*'o i"b ft ft ts i $ {o is is 40 

REVS PER HOUR PER MOM TOTALREVS PER MOM 


ts 


Fio 3 Relative Central Stimulant Activitt of the More Effective Compounds 
The blocks on the left side indicate the maximum degree of stimulation produced by 
the most effective dose per milligram per kilogram body weight of drug administered 
and the blocks on the right side, the greatest total stimulation per milligram per kilo- 
gram administered The calculations were made from the averages of groups of 10 rats 
on each dose 


Probably a clearer impression of the relative potency of these compounds 
can be obtained from the amounts of stimulation produced per milligram of 
drug administered On this basis, the outstanding potency of benzedrine 
is even more apparent d-Benzednne produced an average peak response of 
34 6 revolutions per milligram and an average total increase of 47 revolutions 
per milligram, for the most effective dosage Z-Benzednne caused only 4.8 
peak revolutions and 13 4 total revolutions increase per milligram, while 
dZ-benzednne was intermediate between the two, as would be expected 
l-Ephednne and Z-epmephnne were of the same order of activity as Z-benze- 
dnne The relative potency of these compounds is indicated in figure 3 
The blocks show strikingly the sharp decrease m activity which occurs with 
deviations from the benzedrine structure 
No attempt was made to determine accurately the fatal doses, but when 
deaths occurred they were recorded for the information they gave on the 
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probable order of magnitude of these values, d Beniednne killed one rat 
out of 10 on the 10 mgm. dosage, while the racemic compound did the same 
In addition to 5 out of 10 rats on the 20 mgm dosage l Beiuednne was 
much It* toxic since 100 mgm was required to kill any of the rat« Scat- 
tered deaths occurred with propodnne at the 80 mgm. level, and with the 
ephednnes between 60 and 100 mgm. Among the other important com 
pounds, neoeynephnne killed at a 10 mgm. dose, epinephrine at 4 mgm. 
and cobefnne at 2.5 mgm 

The significance of these fatal doses is mainly in comparison with the dose 
required to produce stimulation Dividing the fatal dose by the threshold 
central stimulant dose gives a value which may be used to express the margin 
of safety of the compound as a central stimulant. These values are presented 
for the active compounds, in the last column of table 1 d Benzedrine, with 
a value of 80 clearly had the greatest margin of safety, while the Uvo form 
had a value of 64 and the racemic 33 J-Ephedrme had practically the same 
value as di-beniedrine he 32 The remaining efficient compounds showed 
much narrower margins, i e , 1-epinephrmo 16 I-pseudoephednne and (Q 
ephedrine 8 d peeudoephedrine 4, and propadnne only 2 

When the relation of chemical structure to stimulant potency is considered, 
it Is obvious that the most effective arrangement of the molecule wna phenyl- 
J-amincK? propane. When the relative positions of the amino and phenyl 
groups on the propyl side chain were changed, the activity was completely 
lost. Shorter aide chains, as m the ethyl derivatives and longer ones as 
in the butyl compounds were also generally leas effective. Addition of an 
alcoholio radicle on the Gist carbon of the side chain decreased the activity 
of beniednne but did not abolish it. Substitution of a methyl group on the 
amino radicle variably effected the stimulant efficiency af the compound. 
When methoxy, chlor, amino, or methyl groups were introduced into the 
phenyl nng the activity was greatly weakened or abolished Thiophen 
substituted for the phenyl nng, as in thiophenethyiamine, was about as 
active as the corresponding phenylethylamine, but had a considerably lower 
threshold dose. Presence of a naphthol nng completely abolished the ac- 
tivity Addition of a second methyl group to the amino group de creas ed the 
potency of the amines Substitution of one hydroxy group In the phenyl 
ring decreased or abolished the potency, but two hydroxy groups as in epi 
nephnne increased it markedly Whether this was generally true could not 
be determined, smeo the marked circulatory effects of these catechol denva 
tivefl restnoted the range of dosage which could be tolerated. Of 5 straight 
chain compounds investigated, only N-amyiamme was found to possess even 
slight actmty 

Generalizations can not be made as to the effect of optical rotation on 
analeptic potency d Benzedrine was the most active compound studied, 
surpassing considerably its lero isomor but in other groups, /-epinephrine and 
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1-ephednne were more active than their corresponding dexlro isomers, while 
among the pseudoephednnes optical isomerism made little difference 

discussion 

The true site or mechanism of the central actions of the sympathomimetic 
amines studied has not yet been determined Monta (10), in 1916, found 
that ephednne, among other compounds, aroused decorticate dogs from hght 
chloral narcosis Accordingly, he placed the site of action as bemg sub- 
cortical, and somewhere near the hypothalamus Others, including ourselves, 
have investigated the effects of certain of these compounds on the action of 
vanous hypnotics, particularly the barbituric acid derivatives, chloral hy- 
drate, paraldehyde and avertin (13, 11) Jacobsen (1, 8) studied several 
denvatives of phenylisopropylamme, ephednne and /S-phenylethylamme, and 
found that all save the latter had antagonistic effects against hypnotics when 
the narcosis was light Alles (6) reported similar results for benzedrine, 
when given to chloralized rabbits Hjort (7) el al found picrotoxm and 
metrazol better than benzedrine m combating barbital narcosis, and some- 
what safer to use 

In this laboratory (13), it was found that the compounds most effective 
in restoring reflex responses under deep narcosis of avertin, chloral, or pento- 
barbital, were those belonging to the group of phenylisopropylamines Prac- 
tically essential were an ammo group m the 8 position and the phenyl ring 
on the first carbon atom This agreed with the results of Jacobsen and his 
coworkers, and with the results of this study of unnarcotized ani mals Jacob- 
sen also found that introduction of an hydroxy group in the side chain at- 
tenuated the action, which also was true for the undepressed rats used by us, 
except that the ephednne compounds, with their hydroxy group in the side 
chain, still had considerable potency 

Other investigators (5, 9) have observed that there is no correlation be- 
tween the sympathomimetic effects and analeptic potency of these amines, 
which is also amply clear from the results in this report Gunn and his 
coworkers (3) reported that with the same phenyl nucleus the lospropylamine 
side chain made the compound more toxic, though more stimulating to the 
central nervous system, and less sympathomimetic m action than the cor- 
responding ethylene side chain Alles (4, 6) found the optical isomers 
of phenylisopropylamme to be effective as analeptics He decided, from the 
subjective impressions of three human subjects, that d-benzedrme was four 
times as active as the f-isomer, and twice as active as the racemized compound 
In this study, conducted on animals by objective methods, it was found that 
d-benzednne was about three times as effective as the 1-isomer m terms of 
milli gram activity, and nearly one and one-half times as active as the rac- 
emized compound 
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Jacobsen (2) observed that benzedrine increased mental activity in man 
bat tended to be less effective in individuals reluctant to take part in the 
test, thus indicating a factor of suggestion. Many such observations have 
been made on the psychological effects of benzedrine in both animals and man. 
There is general agreement that certain varieties of central stimulation can 
be produced, but this is not uniform for all manifestations of cerebral 
activity There is, in addition, adequate clinical evidence that both ephe- 
drino and epinephrine also have some such effects. These actions were ap- 
parent in this study and have now been given a quantitative evaluation as 
to the relative intensity and relationship to tolerated dooes 

SUMMARY AND CONCLUSIONS 

L A method is described for the quantitative determination of the spon- 
taneous activity of unnarcotiied unrestrained rats, which has been applied 
to a study of the central stimulant actions of a group of 76 sympathomimetic 
aminos injected subcutaneously The doaes used ranged from the completely 
ineffective to the convulsant or fatal. 

2 The phenylisopropylamidea were considerably more effective than the 
other amines as regards minimum effective dosage degree of stimulation, 
and intensity of effect per milligram of amine The dtztro isomer of phenyl 
isopropylamine (d-benxednno) was the most active form of this molecule 

8 The various optical isomers of ephednne had some central stimulant 
power, but only of a magnitude approaching that of the weaker benzedrine 
isomer the levo derivative. J-Ephednne was the most potent of this group 
while the peeudoephednnes were less active. 

4. I Epinephrine caused definite stimulation in low doses comparable to 
those of d benzedrine. However the intensity and duration of response 
were much less than with the pbenyhsopropylaminea in thoee doees which 
could be tolerated by the circulatory system. 

6 No central stimulation was produced by such clinically effective com 
pounds as tyramme synephnne (sympatol) neosynephnne (adrianol) adrenal 
one (kephrine), cobefnne (corbami) and octin in maximum non fatal doses. 

6- Changing the length of the side-chain, rearrangement of the relative 
positions of the groups m phenyhzopropylamine , or substitution of hydroxy 
chlor amino methoxy or methyl groups in the phenyl ring did not increase 
the central stimulant efficiency of the compounds. 

7 The gjoup of drugs studied was extensive enough to demonstrate that 
the optimum central stimulation resided in the d-phenj liso propylamine 
structure, and that all deviation! from this configuration were accompanied 
by sharp reductions in potency Therefore there would appear to be little 
probability that a more effective compound could be developed within this 
group of amines than the compounds already available 
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BLOOD-ALCOHOL LEVEL IN MAN 1 

MAX RINKEL ajtd ABRAHAM MYERSON 

From tki Dtrttion of Ptychialric RtttartX, Baton Slatt Haptial, Baton, Maa 
Received for publication Juno 15, 1M0 

Many researches have concerned themselves with attempts to modify 
the alcohol concentration of the blood by pharmacological methods With 
the exception of tho work of Fleming and Reynolds (1), however, no attempt 
has been made to alter the curve of the blood-alcohol concentration by sym- 
pathomimetic drugs. These investigators used adrenalin which they found 
to produce no significant effect on the alcohol concentration m the blood when 
the alcohol was injected Intravenously The chemical observations which 
led Relfenstem and Davidaff (2) to conclude that amphetamine (benxednne) 
sulfate has a favorable effect on acute alcoholic intaxi cation, and the work 
of Bloomberg (3), which strongly indicates that this drug favorably influences 
the treatment of ohrornc alcoholism, suggested to us that amphetamine sul 
fate might act by diminishing the amount of alcohol In the circulation as 
well as by its generally recognised effect m stimulating the central nervous 
system and the experiments to be reported below were intended to elucidate 
this point 

The followmg drugs were studied Amphetamine sulfate B-para hydroxy- 
phenyllsopropylamine (parednne) adrenalin chloride, 1 and atropine sulfate 
(Sharp and Dohme) The results of these studies are here reported. 

MATERIALS AJXJ> METHODS 

Fifteen patients were selected for thii study With the exception of one patient, 
who wo a chronic alcoholic, but who ho not used alcohol for the many years that he 
ho been an inmate of this hospital the patients were schizophrenics in the various 
stages of that disease and were well known to us for several years in respect to their 


1 Aided by grants from the Commonwealth of Massachusetts, the Rockefeller Foun- 
dation and the Works Progress Administration Projects No 18088 and 21176 

1 The following preparations were used Amphetamine sulfate (Smith Kline A 
French) tablets of 10 mgm and ampoules of 20 mgm. dissolved in 1 co. sterile physi 
ologlc saline solution 

Pared rine (Smith Kline A French) ampoules of 20 mgm. (1 cc ) In sterile water 
Adrenalin chlorids (Parke Davis A Co ) ampoules of 1 cc (1 1000) 
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physical condition and reaotion to autonomic drugB Alter a 12 to 16 hour fasting period 
the patients came to the laboratory in the morning without breakfast With the excep- 
tion of one patient who had received 0 66 grams of ethyl alcohol per kilogram body 
weight, the dosage was 0 5 grams of ethyl alcohol per kilo Alcohol was administered 
orally, intravenously or duodenally For the oral and duodenal administration the 
required amount of alcohol was made up to a volume of 100 cc with water In the case 
of the former, the alcohol was given in an ice-cooled solution. For the latter the follow- 
ing technique was used Under continuous fluoroscopic control a duodenal tube was 
introduced into the duodenum, alcohol was then injected through this tube, precaution 
being taken to prevent the tube from sbpping back into the stomach, a mishap that 
frequently follows the use of the duodenal tube For intravenous injection a standard 
solution of 20 per cent alcohol (bj volume) in physiological saline was made up under 
the customary sterile conditions and the alcohol was slowly injected by gravity over a 
period of from three to eight minutes 

Before an experiment was performed 3 to 5 control test* were made on the same sub- 
ject Blood samples from the basilic vein were taken before and at 30, 60, 90 and 120 
minutes after the administration of alcohol, m some instances samples were also taken 
simultaneoualj from the brachial artery In a number of cases blood Bamples were also 
withdrawn at 6, 10, 20, SO, 40, 60, 90 and 120 minute intervals The aloohol curves thus 
obtained at different times on the same subject were essentially the same in height and 
slope The experiment itself, which took place three to five days after the control test 
on the same subject, was identical with the control in all respects except for the addition 
of the administration of the drug whose influence upon the blood-alcohol concentration 
was to be determined 

In each individual the ByBtol.c and diastolic blood pressure readings and pulse rate 
were recorded so as to give an index of the effectiveness of the drug and the sensitivity 
of the subject to it All the patient* responded to the administration of amphetamine 
sulfate, pnrednne, and the intravenous injection of adrenalin by a marked nse of sys- 
tolic blood pressure In one instance the patient was over-sensitive to 20 mgm of 
parednne as manifested by his marked complaints of headache and persistent vomiting. 
With the exception of this one case, no untoward effects following the administration 
of the drugs were observed In every mBtance the blood samples were immediately 
examined 

The method used to determine the alcohol content of the blood was a combination of 
the methods reported by Fleming and Stots (4) and by Gibson and Blotner (5) It is 
based on the principle of the reduction of potassium diebromate m dilute sulfuric scid 
and consists of three mam parts 1 a preparation of the blood sample by the Folm-Wu 
method which causes precipitation of both serum protein and hemoglobin, S distillation 
of the filtrate into a cylinder containing dichromate-sulfunc acid solution, and S deter 
mination of the aloohol content by direct measurement of the diminution of the color of 
potassium dichromate resulting from its reduction by alcohol. The determination was 
made with an Evelyn photoelectric colorimeter Special oare wbs taken in cleaning 
and drying the glassware, the technique of Schwar* was used (11), with this exception, 
that we employed the usual dichromate oleamng solution instead of Bchwars’s fuming 
mtric acid. All connections were made of ground glass and no rubber connections were 
msed Each condenser was constructed in such a way that its lower end was so long 
that it could be immersed into the dichromate solution of the receiver 

HESUDTS 

1 Effect of amphetamtne sulfate on the concentration of alcohol in blood 

Amphetamine (benzedrine) sulfate was used m 17 experiments m amounts 
ranging from 30 to 40 mgm intravenously and from 20 to 40 mgm orally 
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This drug was effective in all experiments, the result being a marked depres- 
sion of the alcohol concentration m the blood This is well demonstrated 
b> figure 1, which shows the blood-alcohol curve obtained with the intravenous 
injection of 40 mgm of amphetamine sulfate following within one minute 
the oral administration of 0 06 grams of alcohol per kilo, with the normal 
blood-alcohol curve of this subject as a control It will be seen that {ho 
inhibition of the alcohol concentration is greatest in the first 30 minute 
interval, then the inhibition gradually diminishes, but is still present and of 
considerable height at the end of the 120 minutes of the experiment 
In 9 subjects who received 0 6 grama of alcohol per kilo and 40 mgm- of 
amphetamine sulfate, tho depression of the alcohol concentration of the Wood 



at the 30 minute period varied from 30.2 to 77 9 per cent. At the end erf 
60 minutes the depression was still present m all cases, the range being from 
24 6 to 68 1 per cent. At 90 minutes considerable depression was present 
in 7 of the 9 cases with a range of from 7.3 to 67 7 per cent, while m 2 
cases the depression had practically disappeared and there may have been 
been a slight nse In blood-alcohol concentration At the 120 minute period 
only 4 of the 9 case* showed depression of the blood-alcohol level the range 
being from 37 to 56 7 per cent, while in 5 cases there was no depression but 
an excess of alcohol concentration ranging from 3 1 to 30.2 per cent over the 
concentration found at this time in the control studies. 

When 30 mgm. of amphetamine sulfate was used, the results paralleled 
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the above figures, although the depression of blood-alcohol level was some- 
what less In 2 experiments, amphetamine sulfate was given orally Here 
also there was an inhibition of blood-alcohol concentration In the experi- 
ment in which 20 mgm was given by mouth, there was some inhibition of 
the alcohol concentration at the thirty minute period, but this was relatively 
brief as compared to that of the 40 mgm. oral dose, which is almost equal 
in its effect to that of the same dose given intravenously 
The amphetamine sulfate effect m respect to the level of the blood-alcohol 
seemed most marked m subjects sensitive to the former drug, and this effect 
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is most prolonged and greatest m those individuals who normally show a 
lesser and slower uptake of the alcohol into the circulating blood 

2 Effect of B-parahydroxyphcnyhsopropylamtne ( paredrtne ) (figure S) 

Parednne was used in 9 experiments, the amount administered varying from 
10 to 40 mgm intravenously, with the exception of one patient in whom 
20 mgm subcutaneously and an additional 10 mgm intravenously were given 
The alcohol was administered m exactly the same way as m the amphetamine 
experiments Without going into detail, it may be stated that the effect of 
parednne on the alcohol concentration of the blood was very similar to that 
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of amphetamine sulfate. However, the duration of the paredrine effect was 
shorter and the decline of the alcohol inhibition m the blood more rapid. 

S Effect of adrmahn chloride {figure S) 

The results obtained with amphetamine sulfate and parednne made it 
likely that the underlying factor was adrenergic m nature Therefore adre- 
nalin, as the classical representative of this group of drugs, was applied in 
another senes of experiments 

Five experiments were earned out m which the drug was administered as 
follows In one instance, 0 1 mgm was given intravenously in another 0.2 
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mgm . were dissolved m 10 cc. of water and slowly injected intramuscularly 
over a penod of ten minutes In three instances 2 mgm of adrenalin dis- 
solved in 1 co of peanut oil were injected intramuscularly This latter 
combination was used because it effects a slow absorption of adrenalin and 
thus avoids a sudden rise in blood pressure and the usual uncomfortable 
Bide-reactions 

Figure 3 shows the effect of the intravenous injection of 0 1 mgm. of 
adrenalin While the diminution of alcohol concentration m the blood at 
the thirty minute interval was still considerable at the sixty minute Interval 
this diminution was only moderate, and at the ninety minute interval the 
blood concentration level almost equaled that of the control curve This 
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qualitative effect of adrenalin was present m all our experiments regardless of 
the mode of ad minis tration, quantitatively, however, the intravenous in- 
jection was the most effective one 

4 Effect of atropine sulfate (figure 4) 

In 3 cases, 2 6 mgm of atropine were administered subcutaneously, and m 
one case 1 3 mgm of atropine were given subcutaneously together with 20 
mgm of amphetamine sulfate intravenously The increased pulse rate was 
used as an indication of the effectiveness of the drug, repeated doses of 0 65 
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mgm being given until the pulse rate was raised to that point at which an 
added dose of atropine sulfate did not increase it further 
As figure 4 shows, atropine sulfate also depresses the blood-alcohol con- 
centration The percentage of inhibition at the 30 minute interval ranged 
from 31 9 to 80 5 per cent At the 60 minute interval the range was from 
16 8 to 69 5 per cent From the 90 minute period on inhibition began to 
disappear Although the data indicate a great individual variation, this 
variation, as m the case of amphetamine and parednne, seemed to be de- 
pendent on the sensitivity of the individual to the drug as measured b> the 
increase of the pulse rate 
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5 Comparative effect of amphetamine tulfatc parednne, adrenalin and 
atropine sulfate (figure 6) 

The standard of effectiveness of these drugs (with the exception of atropine 
sulfate) was the rise of systolic blood pressure, and in order to compare their 
effect on the blood-alcohol level we used doses sufficient to produce about 
an equal rise in systolic blood pressure. The effect on the blood -alcohol 
level, however, varied considerably 

COMPARATIVE EFFECT OF CLINICALLY EQUIVALENT AMOUNTS OF 
ADRENERGIC SUBSTANCES Oil ALCOHOL CONCENTRATION IN YENOUS0U3OO 




As will be seen in figure 6 amphetamine is the most effective drug in de- 
pressing the blood-alcohol concentration, its effect being not only greater 
at each period but of longer duration Paredrine ranks second m effective- 
ness and adrenalin third Atropine seems to be the least effective of tin* * 
four The question arises whether there is a fundamental difference in the 
action of these substances A number of experiments seem to affirm this. 
In experiments in which paredrine raised the systolic blood pressure to a 
level considerably higher than amphetamine sulfate blood-alcohol con centra 
tk>n was depressed much more by the latter drug 
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DISCUSSION 

The main factors which account for the concentration of alcohol in the 
blood are absorption, diffusion into the tissues, oxidation m the tissues, and 
excretion through the lungs and through the kidneys 

Excretion through the lungs and through the kidneys 

The loss of alcohol in the expired air and in the unne in the first two hours 
after the ingestion of alcohol is so small (6), (7), that even twice or thnce 
that amount could not possibly explam the marked depression of the alcohol 
concentration in the blood under the influence of the drugs used m these 
experiments Besides, we have never observed increased respiration in our 
patients following administration of amphetamine, and this is in conformity 
with the prevailing opinion in the literature We also found m 15 determina- 
tions that the alcohol excretion through the urine after drug administration 
never exceeded that found during the control period, except in the case of 
adrenalin, which reduced the unnary excretion of alcohol 

Oxidation 

The source of the greatest loss of alcohol m the body is oxidation according 
to Haggard and Greenberg (6) The rate of oxidation per hour is 17 6 
per cent of the amount of alcohol present in the tissues Within 16 hours, 
90 per cent of the alcohol is oxidized and only 10 per cent is excreted The 
question arises as to whether or not the drugs used increase the oxidation 
rate of alcohol No experimental data have as yet been published on the 
influence of amphetamine on the oxidation of alcohol According to the un- 
published data of Stotz’s careful investigations of tissues in the Warburg 
apparatus, amphetamine sulfate inhibits the oxygen consumption of rat 
brain oxidizing glucose and, even if given in rather large concentrations, 
has no effect on the oxidation of alcohol by liver tissue 

In our own experiments on the effect of amphetamine on the metabolic 
rate (12) (13), we found it to have no appreciable effect on the basal metab- 
olism This is in agreement with the bulk of the work done by others, al- 
though there are some who found a moderate increase m basal metabolism 

If amphe tamin e sulfate were to increase the oxidation of alcohol, it would 
be expected that the blood-alcohol curve following intravenous injection of 
alcohol would be considerably lower under the influence of this drug That 
this is not the case is shown in figure 6 which represents the results of two 
experiments As will be seen, the control and experimental curves are al- 
most identical This is further shown by figure 8, which represents experi- 
ments m which amphetamine was administered at the time when the blood- 
alcohol curve following oral ad min istration of alcohol had reached its peak, 
indicating the height of absorption The same result with regard to adrenalin 
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was obtained by Fleming and Reynolds (1), who showed that adrenalin did 
not alter the blood-alcohol curve if alcohol was injected intravenously Thus, 
it may safely be stated that amphetamine does not increase the oxidation 
of alcohol 

Diffusion 

When alcohol is orally administered under normal conditions, during the 
penod of absorption the alcohol concentration m the arterial blood is dis- 
tinctly greater than that of the venous blood (6) This difference represents 
the amount which has diffused into the tissues We felt it necessary, there- 
fore, to determine the alcohol concentration m the arterial as u ell as in the 
venous blood under the influence of amphetamine sulfate Blood samples 
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were accordingly withdrawn within one minute of each other by puncture of 
the brachial artery and the basilic vein The result of such an experiment 
is represented in figure 7 It shous that the alcohol concentration of the 
arterial blood is low, just as is the alcohol content of the venous blood, the 
arterio-venous alcohol difference being lessened as compared to the control 
blood This indicates that whatever depression these drugs produce in the 
content of the venous blood must be due to decreased absorption of alcohol 
from the gastrointestinal tract 

Absorption 

The correctness of this conclusion is indicated by the following 
1 The shape of the blood-alcohol curve following the oral and duodenal 
administration of the chemical substances The alcohol curie shows a 
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grad uall y ascending slop© in which the peak has been shifted to the right as 
compared to the control curve 

t If the assumption is correct that these drugs delay the absorption of 
alcohol, then injection of them at a time when the absorption la nearly com 
plete should not alter the blood-alcohol curve. That this is true is shown in 
figure 8 which represents an experiment in which 40 mgm. of amphetamine 
sulfate were injected at the time when the control curve was at its maximum. 
There was practically no change in the experimental curve, which is almost 
the samo as the control. 

3 In our own experiments (figure 6) and those of Fle mi ng and Reynolds 
(1) the chemicals did not produce any appreciable alteration of the blood 
alcohol curve following direct intravenous injection of alcohol. (The small 
amounts of alcohol which still permeate into the gastrointestinal tract and 
thence are reabsorbed can safely be neglected.) 

Jt The question still re main s whether a delay of the emptying tune of the 
stomach may bo a factor In producing the depressed blood-alcohol curves 
which we obtained in our experiments. We therefore in a few cases adminis- 
tered the alcohol by duodenal tube — a procedure which, for the same reason, 
was first earned out In dogs by Haggard and Greenberg (6) In contrast to 
the curves obtained when alcohol was given orally the peak of the blood- 
alcohol concentration was reached within five to twenty minutes when it 
was given duodenally When this same experiment was repeated a few days 
later, with the difference that amphetamine was injected about five minutes 
prior to the administration of the alcohol, the result was a definite rilminu 
turn of the blood-alcohol concentration of from 56 1 to 80 per cent aa compared 
to the control curve This effect, however was of shorter duration than when 
alcohol was grven orally but had disappeared 30 to 40 minutes after the 
administration of the alcohol We conclude from these experiments that 
amphetamine sulfate delays the absorption of alcohol from the intestines, 
and that the emptying time of the stomach also playa an Important rAle in 
the duration of the effect. 

6 More direct evidence of inhibited absorption of alcohol under the in- 
fluence of sympathomimetic drugs is presented by the work of Humlik and 
Collins (8) These authors, in quantitative studies on the gastrointestinal 
absorption of drugs m animals investigated the absorption of alcohol from 
intestinal loops which were previously treated with epinephrine While 
the average percentage of absorbed alcohol from the untreated loops was 
55-2 from the treated loops it was only 2.89 per cent. The effect of epineph- 
rine on absorption, however, la not limited to alcohol alone. We know 
from the work of Exner (9) Mol tier and Auer (10), in 1903 and 1904 that by 
the parenteral administration of adrenalin the absorption of orally admin- 
istered substances, like strychnine and physostigmme, is also retarded. 

Both on the basis of our own experimental data and the experiments which 
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we have cited from the literature, we ascribe the lowering of the blood-alcohol 
concentration to the interference by these drugs with the absorption of alcohol 
from the alimentary tract As to the probable basis of this inhibitory effect, 
Hanzlik and Collins (S) ascribe it to changes in the local gastrointestinal 
circulation by vasoconstriction, while Meltzer and Auer (30) discuss the 
possibility that these substances decrease the vital permeability of the capil- 
lary wall which brings about the retardation of absorption and transudation 

SUMMARY AND CONCLUSIONS 

1 Experiments are reported in which the effects of amphetamine (ben- 
zedrine) sulfate, /3-parahydroxyphcnyhsopropylamine (parednne), adrenalin 
chloride and atropine sulfate on the blood-alcohol concentration following 
the oral administration of alcohol were investigated 

2 These drugs lower the blood concentration level of alcohol, probably 
by inhibiting the absorption from the alimentary tract and by delaying the 
emptying tune of the stomach 

3 Quantitatively, amphetamine sulfate is the most effective of this group 
It is followed in order of effectmty by parednne, adrenalin chlonde and 
atropine sulfate 

Wc wish to acknowledge our indebtedness to Dr E Stotz, biochemist at 
the McLean Hospital, Waverley, Massachusetts, for permitting us to re- 
port the results of his experiments in this paper, details of which will be pub- 
lished by him in a separate paper 

We also with to thank Miss Helen N Keane and Miss Molke S Levin for 
their assistance in the preparation of this work 
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Bin co many of the sympathomimetic amines ha\ o a doublo action m re la 
tion to adrenalme and the adrenergic transmitter synergistic m low concern 
t rations and antagonistic in high ones (1) it is of great interest to see if some 
of tho well known adrenaline-antagonists or in Lapicque s terminology 
sympatholytic* , may possibly act as synergists in low concentrations. 
Indeed this possibility has already been suggested by somo ' atypical results 
scattered in the literature Bacq and Fredoncq (2) found that F 933 ono 
of tho well known synthetic antagonists, in small doees Increases the effect 
of sympathetic stimulation on the cat’s nictitating membrane The effect 
of circulating sympathin on the heart is according to Cannon and Bacq (3), 
much increased after a small dose of ergotamine Very recently Hcrwich, 
Linegar and Koppanyi (4) found that small doses of ergotoxinc increase the 
pressor effect of adrenaline in cats anaesthetised with barbiturates These 
observations are rather surprising but It surely would be wrong to dismiss 
them as “atypical cases 

In the present investigation the sympatholytics used were crgotoxme 
yohimbine and F 933 the last one was kindly supplied by Prof Fourneau 
Experiments were done on the perfused rabbit s ear the frog s heart and 
the spinal cat. Methods arc exactly the some as those already described (I) 

RESULTS 

(f) F .933 (ptpmdylmcfhylbenxodujxane) Tho effects of this drug on adre- 
nergic transmission in tho rabbit s ear are very interesting In suitable con 
centrations it increased both the effect of adrenalme and that of adrenergic 
stimulation on the rabbits ear but the sensitising concentration for the 
nervous effect was higher than that for the adrenaline effect Figure IB 
shows that F 933 in a concentration of 10 _ * definitely increased the effect 
of adrenaline but the effect of adrenergic stimulation was not altered after 
the drug was washed out by long perfusion with plain Locke s solution and 
the effects of adrenaline and nervous stimulation had becomo steady (C) 
re perfusion with F 933 in a higher concentration (6 X 10“*) then increased 
87 
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the nervous effect but decreased the adrenaline effect, (D) Still highe: 
concentrations up to 10 -5 greatlj diminished or completely suppressed tin 
adrenaline effect but left that of adrenergic stimulation intact or only shghtlj 
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Fio 1 Outflow from the Perfused Rabbit’s Ear 
The height of this and similar records is proportional to the time interval between 
successive drops S sympathetic stimulation 2 sec , A, 0 1 cc adrenaline, 2 X 10"' 
(A) Perfusion with Locke's solution (B) F 933 10~*, started at 4 30 (C) Locke’s 

solution at 4 50 (D) F 933 5 X 10"* at 5 33 



Fio 2 Rabbit’s Ear Perfusion 

Effects of equal doses of adrenaline (0 1 cc , 2 X 10"') before and after perfusion with 
yohimbine (10" f ), started at 5 50 


diminished, thus confirming Wierzuchowski’s result on the perfused rabbit’s 
head (5) In concentrations of 10" 1 or above, it also markedlj diminished 
the nen ous effect 
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F 933 modcratch excited the frog s heart in concentrations varying from 
2 X 10~* to 2 X 10 - * and depressed it m higher ones, confirming Shen a result 
(6) But contrary to his observation that F 933 m a concentration of 10~* 
| reversed the effect of adrenaline (3 X 10 -1 to 2 X 10~*), I found that the effect 
t of adrenaline in concentrations between 10“* and 10 - * was onlj reduced or 
suppressed. In low concentrations (10~* to 10~*) F933 occasionally sen 
ntued the heart to the action of adrenaline but this sensitization was never 
marked. 

( t) iofiimbine In very low concentrations yohimbine also was ablo to 
Increase the effect of adrenaline In the perfused rabbit s car (fig 2) Its 
influence on the adrenergic stimulation in such concentrations was very 
variable. No definite effect was observ cd on the action of adrenaline on the 
frog s heart with yohimbine in concentrations below 10 _l at which however, 



Fio 3. Cat's NicnTAnvo Mevbfulxe 
■ thnolmtion coil 0 3 see A 4 adrenaline intrarenoui 3 mgm. 

yommhio* firm at 6 33 


y°^®blDe slightly depressed the heart and markedly diminished but never 
re ^rsed the adrenaline action 

10 apmal cats, an ordmary dose (about 1 mgrru per kilogram) reversed tho 
^ e * or ^ect of adrenalme and completely suppressed its effect on the nlc 
““hog membrane but the effect of sympathetic stimulation on the membrane 
only slightly diminished at first and became much larger after a while 
1 3) A few attempts to get sensitization with smaller doses were not 

*J«**ful 


(3) ErgoUmnc In a cat given dial and cocaine Gaddum and Goodwin 
the same result as Berwick Linegar and Koppanyi (4), who reported 
an ordinary dose of ergotonne increases the pressor effect of adrenaline 
cad of reversing it. In the spinal cat howrever veiy small doses (0 1 
nfrth ^° r ftn ^ ma l for instance) antagonized the effect of adrenaline on the 
^ hag membrane and on the blood pressure Figure 4 shows the effect 
s ^ inu ^ a * 10n an d of intra-arterial injection of adrenaline on 
■Nictitating membrane and blood pressure Before crgotoxinc was given 
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both procedures produced good effects on the membrane but none on the 
blood pressure, after ergotoxine the effect of nervous stimulation on the mem- 



Fio 4 Spinal Cat 

Upper tracing, contractions of nictitating mcmbrnno, lower, blood pressure S, 
sympathetic stimulation, coil 8, 3 sec A,2ug adrenaline, intra artennl Ergototine, 
0 1 mgm , in three divided doses given intravenouBlj at 6 22 6 27 and 6 32 



brane was greater but that of adrenaline was almost complete]} suppressed, 
the hitherto unaffected blood pressure now fell with the same mtrafirtcnnl 
dose of adrenaline 
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On the rabbit’s ear, ergotoxine in very low concentrations (10 * to 10~ JI ) 
increased the effect of adrenaline and this sensitization was readily reversible, 
at slightly higher concentrations, however, the antagonistic effect began to 
dominate, but the actual reversal of the adrenaline action was not observed 
even in high concentrations (fig 5) 

DISCUSSION 

Sympaihomtmetica and Ihnr synergists and antagomeis 

It has long been suspected that synennsts and antagonists to adrenaline 
might bo themselves sympathomimetic compounds. Bacq (8) indeed, com 
piled two tables in which various actions of ergotoxine and ergotamine are 
compared side by side with those of adrenaline on different organs tn vitro 
and in rtco m order to show that the pharmacological properties of these 
ergot alkaloids are in many respects actually quite simOnr to those of adrenal- 
ine He believes that these alkaloids antagonize the adrenaline action be- 
cause they modify the physico-chemical properties of cells m the same manner 
as adrenaline does. Y ohimbin e too, has many actions in common with those 
of ad renalin e (9) Cocaine, besides its proper status as a local anaesthetic, 
has also been classified among the "sympathetic stimulants because it in- 
creases the sympathetic excitability ' (10) Recently the sympathomimetic 
nature of cocaine has been further clarified (11) 

"With the appearance of many synthetic adrenaline antagonists it has 
become dear that a slight change m chemical structure can transform the 
sympathomimetic amines into their antagonists. There are also compounds 
that can be both sympathomimetic and sympatholytlo 

The results of the present and the previous investigations (1) revealed 
that many of these sympathomimetic aim nee can be both synergistic to 
adrenaline like cocaine and antagonistic like ergotoxine Moreover mere 
variation in concentration can transform cocaine, the well known synergist, 
into an antagonist, and can transform ergotoxine yo himbin e and F 933, 
the well known antagonists, into synergists. It is therefore quite clear that 
the capacity to potentiate or to antagonise the action of adrenaline can no 
longer be considered specific for the synergists and antagonists investigated. 

From the chemical point of view adrenaline, ergotoxine and cocaine, each 
representing one of the three groups, appear quite different from one to 
another Even so it is not impossible to find some significant chemical 
similar ity among these apparently heterogenous compounds. Although 
much work has been done on the correlation of chemical structure with phyai 
oiogical activity of sympathomimetic amines (12) since the publication of 
Barger and Dales classical work on this subject, nothing much has been 
added to their conclusions that the aliphatic amine group is essential for 
the characteristic sympathomimetic properties, and that an approximation 
to adrenaline m structure is attended with Increasing specificity of the action 
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Now let ua examine the chemical structure of adrenaline, cocaine and er- 
go toxrne 
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Adrenaline 


Cocaine 


Ergoloxine (represented 
by the tentative struc- 
tural formula of the part 
of lysergic acid, which is 
supposed to be the most 
essential part of ergo- 
toxme) 


The structural similarity of these three compounds, so far as the essential 
structure for sympathomimetic activity is concerned, is striking enough 
All of them possess one or two side chainH of aliphatic amines The struc- 
tures of cocaine and ergotoxmc, of course, are not represented m the orthodox 
way, but that is immaterial The closing up of the straight chains with the 
formation of nngs does certainly modify much of the sympathomimetic 
activity, but does not necessarily abolish it (13) 

The structural similarity between the synthetic sympatholytics and the 
sympathomimetics is still more striking, and in some cases one can hardly 
tell any difference between them For instance, among the three isomers 
of f-oxyphenoxy-2-methylamino-ethane, the meta compound is a sympatho- 
mimetic, the ortho compound a sympatholytic, and the para both sympatho- 
mimetic and sympatholytic (14) 

It has been suggested that the phenoxy group of these synthetic sympa- 
tholytics is essential for the antagonistic activity (16) This is not true, 
because in the first place many compounds such as ergotoxmc and yohimbine 
do not possess this group and yet its absence does not prevent their being 
strong antagonists, m the second place, many of the typical sympathomimetic 
amines themselves can act as antagonists under certain conditions (1), and 
finally, as has just been discussed in the previous paragraph, some of the 
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phenoxyethylammes are themselves sympathomimetics in «pit© of the pres- 
ence of tins "sympatholytic group ’ 

From my results there la little doubt that apart from the group which 
is essential for sympathomimetic action, there is actually no chemical group 
in all these drugs which can be considered specific for the synergistic or an- 
tagonistic property towards adrenaline On the other hand, various groups 
such as the phenoxy, and various structural changes such as the closing up of 
the aide chain, which tend to cut down the sympathomimetic activity, seem 
only to disclose the inherent synergistic or antagonistic properties, which are 
normally more or less masked by the strong sympathomimetic properties. 
The apparent absence of synergistic and antagonistic properties in nor 
adrenaline and epmine (1) is perhaps due to the fact that their sympathomi 
me tic activity is too close to, and as specific aa that of adrenaline It may 
bo assumed that it is the same chemical group which is responsible for the 
synergistic and the antagonistic as well as for the sympathomimetic properties 
in all these drugs we have studied, and this very group is the aliphatic amine. 

Dissociation of the effect of adrenergic stimulation from that of adrenaline 

The ability of Foumeau a dloxane compounds to dissociate the effect of 
adrenergic stimulation from that of adrenaline has been extensively inves- 
tigated by previous workers The present investigation has revealed that 
m addition to F 933 both yohimbine and ergotoxine possess this dissociating 
power, i e., in concentrations or doses sufficient to abolish the effect of adre- 
naline they have practically no effect on that of nervous stimulation or, aa 
on the cat s nictitating membrane, they even increase it. Further, not only 
for antagonism but also for sensitisation a higher concentration of F 033 is 
required to modify the nervous effect than to modify the adrenaline effect 
The fact that even some of the general anaesthetics possess this dissociating 
action (16) indicates its non-specificity 

Various theories have been proposed to explain the relative ease with whioh 
the response to adrenaline xa depressed by F 933 Melville (17) believed that 
the facts can be explained by supposing that the substance liberated by adre- 
nergic nerves is not adrenaline but noradrenaline This explanation cannot 
be applied to the observations on the rabbit s ear since it has been shown that 
the substance liberated by these nerves is not noradrenaline (18) 

Bacq and Monnier (10) concluded that chemical transmission is not the 
only mec h ani sm by which impulses can peas to the effector cells and that 
when the chemical transmitter has been antagonized some other mechanism, 
presumably electrical remains effective. 

Cannon and Rosenblueth (20) have adopted a theory, which was proposed 
by Dale and Gaddum (21) to explain similar anomalies in the interaction 
of atropine and acetylcholine cm cholinergic transmission and have concluded 
that adrenaline introduced by the blood stream and circulating sympathin 
are more easily antagonixed because they are barred from access to the re- 
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ceptors by the action of the antagonists on some membranes, while the chemi- 
cal transmitter liberated locally is m more direct contact with the receptors 
behind the membrane 

My results speak more in favor of the membrane theory than of the dual 
transmission theory of Bacq and Monmer The fact that higher concentra- 
tions of F 933 are required for both sensitization and antagonism of the nerv- 
ous effect than of the adrenaline effect suggests that the dissociation of these 
two effects is due to their spatial rather than to their qualitative difference 


SUMMARY 


1 Ergotoxme, yohimbine and F 933 were examined on the rabbit’s ear, 
the frog’s heart and the spinal cat for their interaction on adrenergic trans- 
mission 

2 In very low concentrations these substances are all capable of sensi- 
tizing the rabbit’s ear to the action of adrenaline No definite sensitization 
occurs m the other two preparations In higher concentrations they an- 
tagonize the effect of adrenaline and adrenergic stimulation 

3 On the cat’s nictitating membrane all three substances can abolish 
the effect of adrenaline without diminis hing the effect of sympathetic stimu- 
lation Indeed this latter effect may be increased 

4 It is pointed out that the action of ergotoxme toxvr ^ maline is 

fundamentally similar to that of cocaine ( 
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The part played by the liver m the destruction of adrenaline In the body 
has been studied by several workers. Elliott (1) quotes the work of BattelU 
(2), who perfused blood containing adrenaline through the liver and observed 
the adrenaline to disappear at a rate that varied with the oi> gen consump- 
tion, he also quotes the work of Langlols (3), who found that alow injection of 
adrenaline into the mesenteric veins failed to cause a rise of blood pressure. 
Having repeated these observations but having also observed that adrcnalino 
a Inactivated when perfused through many different organs, Elliott concluded 
that the liver did not play a major rfile. 

More recently Markowiti and Mann (4) compared the action of adrenaline 
before and after hepatectomy in the dog and found that the duration of 
the preeeor action was not significantly increased by this operation They 
confirmed the obeervation that the pressor action of adrenaline injected into 
the mesenteric vein was much less than that of the same dose injected into 
the jugular vein. Since they found that the pressor action of adrenaline 
mjected into the femoral artery was also much less than that of adrenaline 
injected into the femoral vein they concluded that the smaller effect after 
mesenteric injection and after injection into the femoral artery was due to 
the greater dilution in which adrenaline reached the general circulation 
These observations were confirmed by Gollwitxer Meier (6) and by Yoshi 
yuki (6) who showed that the dose injected into the mesenteric vein must 
be five times as great to produce the same effect as in the jugular vein this 
difference he found disappeared after bepatectomy Baeq (7) also confirmed 
these observations quantitatively and qualitatively but did not consider 
that there was specific destruction of adrenaline m the liver because of the 
snnflar difference between lntrafirteiud and intravenous injection 

The biochemical processes which maj be involved in the oxidation of 
adrenaline m the body have recently been discussed by one of us (8) In 
order to throw more light on the problem a further stud} has been made of 
the oxidation of adrenaline by liver and by heart muscle in the presence of 
methylene blue o-creeolindophenol and potassium cyanide. The effect of 
methylene blue was Investigated because it was found (Philpot (9)) to in- 
PC 
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hibit the action of amine oxidase, but not to affect that of other oxidases or 
dehydrogenases O-cresohndophenoI was used as a control, that is to say as 
a redoxmdicator which does not inhibit amine oxidase Potassium cyanide 
was used because it is known to inhibit the oxidation of adrenaline m the ring 
by cytochrome or catechol oxidases The results of this investigation, for 
which one of us (F J P ) is responsible, are described m Part I They were 
clear enough to suggest a further physiological analysis which is described 
in Part II 


PART I 

Methods 


1 Guinea-pig liver was ground in a mortar, squeezed through muslin and suspended 
in 0 01 M phosphate buffer, pH 7 0 This preparation wob then shaken in air at 38° 
for 2 hours If this preliminary incubation was omitted it was observed that when 
adrenaline was added, and an attempt made to recover it immediately, the proport on 
recovered was very small If the attempt to recover it was made after 30-60 minutes 
the proportion recovered was larger The improvement in reoovery was possibly 
connected with autolysis since in experiments with potassium oyanide, which catalyses 
autolysis, the initial recovery of adrenaline was higher, and there was no subsequent 
increase 

2 Heart muscle was minced, ground with Band, squeezed through muslin, washed 
twice on the centrifuge, suspended in phosphate buffer 0 01 M, pH 7 0, and incubated 
at 38° for 30 minutes 

A few experiments were done to follow the oxygen uptake manometncally, but in 
most of the work adrenaline woe added to the suspension to give an Initial concentration 
of 10 and the suspension was shaken vigorously in air at 38° Samples were with- 
drawn at intervals and the residual adrenaline estimated by Shaw’s (10) method modi- 
fied as follows A 1 co sample was added, with shaking, to 2 cc of 5 per cent tnchlor 
acetic acid in a centrifuge tube After 2 minutes centrifuging the supernatant fluid 
was poured through a small wet filter paper, the precipitate washed with 1 co water and 
the washing was filtered To the filtrate was added 0 8 co 2 N sodium acetate This 
buffered the solution to about pH 4 6 The first adsorption with Al(OH)j was now 
earned out To the supernatant fluid was added 1 cc tnethanolamino buffer, pH 8 3 
(100 cc 4 9 N triethanolamine, 12 2 cc 10 N HjSO«, final volume 103 co ) The solution 
was again treated with AI(OH), and the preoipitate washed with the tnethanolsmiafl 
buffer diluted 1 in 100 The rest of the technique followed Shaw’s method exactly 
When the liver suspension was previously incubated a fairly constant recovery of 85 
per cent of added adrenaline was obtained By his technique Shaw claims 75 to SO 
per cent recovery, but using his method exactly I obtained very erratic results 

Samples were withdrawn immediately after adding adrenaline, and after 30 and 60 
minutes incubation The control consisted of bver suspension with all additions except 


adrenaline 

The following solutions were used Sodium acetate, 

N 

pH 7 0 Adrenaline 1 in 10‘, dissolved in HjSOj ^ , 


2 N Phosphate buffer, 0 01 N, 
Triethanolamine, 4 9 N , HiSOi, 


10 N, KCN, 0 1 M, Methylene blue, — , o-cresohndophenol, — , Cytochrome c, 2 65 X 
10-4 M p-phenylenediamme-HCl, 0.2 M Other solutions as in Shaw (10) 
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Experimental results 

1 Liver The rate of disappearance of adrenaline from a liver suspension 
is great!} reduced by methylene "bias and Is not affected by o-cresolindophenol 
KCN also inhibits to some extent. The inhibition by methylone blue and 
RCN add up to about 100 per cent. The ox} gen uptake of liver suspension 
in the presence of p-phenyienediami n o and cytochrome c is unaffected by 
methylone blue and o-crcsohndophenol 


TABLE 1 


mun 

twaiwroa 

rp**TUT* 

cowcwrra*- 

TTO* 

pwiciurr 

nriumoi 

Liver 

Methylene blue 

Adrenaline 

itr* 

60-80 

Urer 

0-creaoIindopbenol 

Adrenaline | 

KT 4 

0-10 

Liver 

kcnM 

Adrenaline 

ur 4 

30 

Liver 

Mothyiene blue 

Tyramine 

uxir 

80 

Liver 

0-creaoUndopbenoI 

Tyramine | 

iixir' 

0 


The following volume* were used tirer ruiperuion 10 cc methylene blue and o-ere 
iollndopbeool 0J5 cc. adrenaline 0 1 ce KCN 1 0 cc. 

Th**e two reanlta were obtained manometri colly during previous work tee Phil 
pot (®) 


TABLE 3 


mn 

onaimt 


COWCDTTM.- 1 

tux* | 

1 rracorr 
r**i mow 

Heart (rabbit) 

Methylene blue 

Methylene blue 

Methylene blue jg ggg 

1 

Adrenaline | 

1 

6 X l(T* j 

0 

Heart (pigeon) 

Adrenaline | 

io- 4 

U 

Heart (dog) 

Adrenaline j 

10- 4 

16-20 

Heart (dog) 

KC 

Adrenaline 

6 X 1CT 4 

100 


The following volume* were tued heart auaperulon 10 cc methylene blue 0.6 cc. 
adrenaline 0 1 ce KCN 1 oc 


£ Heart muscle The oxygen uptake of a preparation of ground rabbit 
heart muscle in the presence of adrenalin o (initial concentration 6 X 10“9 
and cytochrome c is unaffected by meth}lcnc blue Dog heart muscle was 
treated as described above The rate of disappearance of adrenaline (initial 
concentration 10 - *) from this suspension was only slightly affected by methyl 
ene blue. 

Principal conclusion* 1 Methylene blue Inhibits the oxidation of adrena 
Lme by the liver but o-crceolindophcnol does not Potassium cyanide has 





FLORA J PHILPOT and 0 CANTON! 


some inhibitory effect, but much less than methylene blue The "methylene 
blue-sensitive” system and the "cyanide-sensitive” system together account 
for all the destruction of adrenaline by the liver 
2 Methylene blue has little or no inhibitory effect on the oxidation of 
adrenaline by heart muscle, uhercas potassium cyanide has a powerful 
inhibitory action 

part u 

Splenic and jugular injections A further study has been made by one of 
us (G C ) of the difference in the pressor response to adrenaline injected into 
the jugular vein and into the splenic vein Adrenaline has been compared 



Fig 1 Spinal Cat, Blood Pressure 

Equipressor doses of adrenaline injected into the jugular vein and into the splenic 
vem 

with other substances such as tyramme, corbasii, and notably with pituitary 
(posterior lobe) extract The effect of methylene blue and of o-eresolmdo- 
phenol has been examined The experiments have been carried out m the 
spinal cat prepared by Dale's method (11) in which the cord is cut at the level 
of the second cervical vertebra Injections were made into the jugular vein, 
and also into a cannula tied into the splenic vein near its junction with the 
portal vem, so that solutions could be injected into the portal stream without 
interrupting the intestinal circulation The vessels entering and leaving 
the spleen were tied in three ligatures 
The record m figure 1 confirms the finding that the dose of adrenaline in- 
jected into the splenic vein must be much bigger than the dose injected into 
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the jugular vein to have the same pressor effect Thus in figure 1 0 048 mgm. 
injected into the splcnio vein was similar in effect to 0 012 mgm injected 
into the jugular vein The second part of figure I shows that the same re- 
lation held when the doses were halved 
Not onl) adrenaline, but also tyramine and corbasil were examined in this 
waj, As shown in table 3 the average ratio for adrenaline was 4 7 that is 
to say in seven experiments it was found that tho dose injected into the splenic 
vein had to be an average of 4 7 times tho dose injected into the jugular to 
obtain the same pressor effect For tyramine tho average figure was similar 
namely 4 6 For corbasil however the average figure was less namelj 2 0 
This suggested that tho proportion of corbasil destroyed m the lh er was less 
than that of tyramine or adrenaline as would bo exported from the fact that 
Its molecule contains a — CHj group attached to the a carbon atom, which 
prevents its oxidation by amino oxidase 

TABLE 3 


Ratio of tqui-prtuor dotet injected m tpltnic and jugular rant 
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7 
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Mean 

4 7 

4 fl 

*» 0 
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Tho most interesting result howo\er was that obtained with pituitary 
(posterior lobe) extract. For this as illustrated in figure 2 the ratio was 1 
There was no significant difference between the effect of a dose Injected into 
the jugular and into the splenic vein By both routes the pressor effect was 
the same 

The action of methylene blue The action of methyleno blue and o-cresol- 
mdophenol him been tested as shown in figure 3 At A is shown the effect of 
inject mg 3 0 cc. adrenaline 10~* into the splonic vein at a uniform rate during 
45 sec. At B this injection was repeated. At C the samo amount of adrenal 

me was injected m a solution of o-eresohndophenol of strength “r Tho 

oUOu 

preseor action of adrenaline vraa the same though ahghtlj prolonged. At D 
the adrenaline was injected in a solution of methylene blue also As 

figure 3 shows tho pressor action of the ad renal me was greatly increased It 
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should be stated that this amount of methylene blue injected alone into the 
splenic vein had no pressor effect 



Fia 2 Spinal Cat, Blood Pressure 

Effects of 0 2 unit pituitary (post lobe) extract injected mto the jugular vein (A and 
D), and into the splenic vein (B and C) 



Fio 3 Spinal Cat, Blood Pbessube 

Effect of 3 cc adrenaline 10"' (A and B), 3 cc adrenaline 10"‘ in o crcaolindophenol 

— (C), 3 cc adrenaline UP* in methylene blue (D) Each injection took 45 secs 
6000 


The effect of methylene blue in augmenting the pressor action of adrenaline 
uas next examined when injections ttere made mto the jugular as well as 
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into the splenic vein It was found that injections into the jugular vein were 
also augmented, but not so much, so that the ratio of equipressor doses of 
adre na li n e was reduced 

Table 4 summames the results of three experiments which show that after 
the injection of ““ methylene blue into the jugular vein in such a dose as to 

m 

give a concentration in the blood of approximately jq-qqq, dose of adrenal- 
ine v.hich injected into the splenic vein ga\o the same rise of blood pressure 
as a dose injected into the jugular \ eln was no longer 4 0 tunes, but only twice 
the latter 

Methylene bine augmented the pressor action of adrenaline injected into 
the jugular vein by an average figure of 60 per cent that ia to say the rise 
produced by a given dose after administration of methylene blue was equiva 
lent to that produced by a GO per cent greater dose given before. This result 

TABLE 4 


Ratio of tquiprttror data of adrenotina injadad into tk$ apltnte 
andjuffular rein* 
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was ta ken from 15 experiments On the other hand methylene blue aug 
merited the pressor action of adrenaline rejected into the splenic vein by 
300 per cent The pressor action of adrenaline was not augmented by o~ 
cresolmdophenol at all 

Methylene blue on the isolated heart. 8omo experiments have been earned 
out to discover whether methylene blue augmented the action of adrenaline 
on the isolated heart of the cat perfused with oxygenated Lock 0 -Ringer solu- 
tion by Langendorff’a method no augmentation was observed in the ampli 
tude of the contractions such as is readily seen when cocaine is used (Burn 
and Tain ter (12)) Methylene blue as already observed by Sachs (13) 
exerted a depressant effect on the heart muscle re higher concentrations 

DISCUSSION 

It has been shown on the one hand that when adrenaline is destroyed 
tn ntro in the presence of liver suspension the rate of destruction is greatly 
diminished by introducing methylene blue. It is known that this substance 
Inhibits the action of amine oxidase 0-cresollndophenol on the other hand, 
whioh.does not inhibit the action of amine oxidase has no effect on the rate 

< * '** <Rl ( 
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of destruction of adrenaline in the same conditions. These results support 
the view that m the liver the destruction of adrenaline can be effected by 
amine oxidase 

Experiments m vivo have been earned out which indicate that m fact this 
is the mam mechanism of adrenaline destruction at work in the liver When 
adrenaline is injected into the splenic vein and earned to the portal system 
it exerts a pressor action equal to that produced by about one quarter of the 
dose injected into the jugular vein The small effect of injection into the 
portal system has been asenbed by several workers to the greater dilution 
which the adrenaline undergoes m the liver, but it has now been found that 
no similar difference exists for pituitary (postenor lobe) extract The ex- 
planation that adrenaline rejected into the splenic vein loses the greater 
part of its pressor action because of dilution is therefore no longer tenable 

It has also been found that the pressor effect of adrenaline rejected into 
the splemc vein is much increased by the simultaneous injection of methylene 
blue, but is unaffected by the simultaneous rejection of o-cresokndophenol 
The pressor effect of adrenaline rejected into the jugular vein is also increased 
by methylene blue, but this increase is much smaller than that seen when 
the adrenaline goes directly to the portal system 

These results lead us to disagree with Richter and Tregey (14) who doubt 
whether amine oxidase is revolved in the normal destruction of adrenaline 
at all We think that in the liver it is the principal mechanism The part 
played by amine oxidase re other tissues of the body is difficult to establish 
In the animal from which the liver has been excluded by evisceration the 
injection of methylene blue sometimes increases the pressor action of adrenal- 
ine but often it does not In heart muscle methjlene blue inhibited the 
destruction of adrenaline in vitro by less than 20 per cent, in vivo, however, 
methylene blue did not appreciably affect the action of adrenaline on the 
isolated perfused heart As has been suggested by Philpot (8) it is possible 
that cytochrome oxidase plays a part in the oxidation of adrenaline Heart 
muscle is extremely nch re thi3 enzyme and in intro the oxidation of adrenaline 
re heart muscle is greatly inhibited by KCN Unfortunately this experiment 
cannot be repeated in vivo owing to the essential r61e played by cytochrome 
oxidase in the respiration of all tissues The fact that the inhibition, by 
methylene blue and by KCN, of the destruction of adrenaline by liver add 
up roughly to 100 per cent, suggests that even in liver both types of oxidation 
may occur and that the relative amount of each enzyme present decides 
which type of oxidation takes place It is possibly significant that those 
tissues richest re cytochrome oxidase are poorest in amine oxidase 

Since this work was completed, Richter (15) has published a preliminary 
note saying that esterification and not oxidation is the mare fate of adrenaline 
administered by mouth We do not consider that this conclusion, if true, 
in any way conflicts with our results 
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SUMMARY 

1 The destruction of adrenaline tn ntro by a liver suspension is inhibited 
by methylene blue but not by o-cresolindophenol The former dye inhibits 
amine oxidase whereas the latter does not. 

2 Adrenaline injected into the portal circulation has less pressor action 
than when injected into the jugular vein To obtain equal effects by the 
two routes the portal dose must be 4-5 times as great as the jugular dose 
ho such difference exists for pituitary (posterior lobe) extract 

3 The pressor effect of adrenaline injected into the portal system is greatly 
augmented if given simultaneously with methylene blue but not if given 
simultaneously with o-cresolindophenoL 

4 The pressor effect of adrenaline injected into the jugular vein is aug 
mented after the injection of methylene blue but much less than that of 
adrenaline injected into the portal system. 

6 The evidence indicates that in the liver in nro the main instrument 
of adrenaline destruction is amine oxidase. 

The authors wish to express their thanks to Prof J H. Burn for his con 
stant advice and assistance and to Dr E BQlbnng for assistance with some 
of the experiments. 
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Whflo investigating the relative circulatory effects of some phenethyiamlne 
derivatives we found that the often used prooedure wherein epinephrme, in 
an arbitrarily chosen dose, is used as the reference standard, was not quite 
adequate for our purpose. For example, a dose of 630 X 10~ 7 mM per 
kilogram of S , ^-dihydroxyphenethylmethylamino caused the dogs’ blood 
pressure to rise, on the average, 30 mm. Hg For the same response 46 X 
10~ T mM. per kilogram of epinephrine was necessary, which means, that the 
latter was 11.5 times as potent a pressor substance as the former But if 
the quantities of both of these compounds were determined for a response of 
100 mm. Hg it was found that 312 X 10~ T mM per kilogram of epinephrine 
was equivalent to 2600 mM. per kilogram of S,^lihydroxphenethylmethyl 
amine or that epinephrine was now but 8.8 times as potent as the other 
amine Hus discrepancy is due to a fundamental difference m the two dose- 
response curves Also unless a large amount of data is collected errors due 
to biological variations may further modify the figures. Therefore, it be- 
comes necessary to obtain the characteristics of the dose-response curves 
by some means such as the administration of graded doses and then, if the 
companion is permissible, to use a procedure designed to reduce the error 
On examination of the literature a number of different procedures were 
found which have been proposed for the biological assay of epinephrine. 
Elliott (1), employing vagotomixed cats anesthetized with urethane, esti- 
mated epmephnne quantitatively by the intravenous injection of increasing 
doses and interpolation from the curve drawn through the blood pressure 
m a xima . He claimed that a perfectly uniform reaction to epinephrine was 
obtained. In a later publication (2) he had modified his procedure to the 
extent of destroying the brains and the cords (down to the 4th thoracic 
segment) of cats anesthetized with ether and stated that the blood pressures 
of such anima l s responded to any dose of epinephrine with the accuracy of a 
chemical b alanc e In 1924 Trendelenburg (3) felt that the Elliott (2) 
procedure was superior to others for the biological assay of epinephrine 
105 
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Lyon (4), employing essentially the second Elliott procedure, found that the 
blood pressure response was conditioned by its level just prior to the injection 
of epinephrine Wilkie (6) introduced an improvement in the second Elliott 
procedure by ligating the suprarenal veins m addition to pithing the brains 
and cords Finally, Rosenblueth (8) suggested a further improvement by 
adding sympathectomy 

The foregoing is a brief rdsumd of methods which differ from the U S P XI 
procedure Rosenblueth (6) further suggested the employment of the 
nictitating membrane for the same purpose but since we were primarily 
interested in the effect of epinephrine and other amines on the general circu- 
lation we felt that a technique which recorded blood pressure changes would 
best serve our purpose 

Careful analysis of data recorded m the publications quoted above, im- 
pressed us with the fact that no method was as accurate as claimed by 
Elliott (2) Therefore, we decided to use a procedure combining certain 
features of the increasing dose and of the U S P XI methods 

EXPERIMENTAL 

The U S P XI procedure was followed up to the pomt where epinephrine 
injections began At that juncture epinephrine was given in progressively 
mcreasmg doses instead of determining the dose at which 30 to 60 mm 
Hg responses occurred Dogs of 8 to 13 kgm body weight were selected 
Dial, about 70 mgm per kilogram, intrapentoneally, served as the anesthetic 
The dosage increment was accomplished by mcreasmg concentration, keeping 
the volume unchanged, 0 08 cc per kilogram The data analyzed below 
were obtained from 12 dogs 


RESULTS 

Comments on results 

When very small doses of epinephrine are administered an early circulatory 
depressor phase occurs in most animals This phase very probably influences 
the height to which the initial pressor effect will go Furthermore, one 
cannot say that this depressor influence is absent when the response measured 
is purely pressor It may play an important r61e m limiting the absolute 
value of the method, not only because it is probably always in effect but 
because it may vary quantitatively between animals 
After large doses of epinephrine, a secondary depressor effect follows the 
primary pressor action quite consistently but variably Therefore w e avoided 

the very large doses used by Lyon (4) and Wilkie (5) 

In our experience, although the data are limited, blood pressure responses 
to mcreasmg doses of epinephrine are uninfluenced by sex, by the level of the 
resting blood pressure or by the relative initial sensitivity to that substance 



S TMPATHI COTO G StJBBTAKCKS 


107 


Relative to the accuracy of our procedure the results with paired doses 
indicate that it compares favorably with published data of other increasing 
dose methods 


Value of result* 

The epinephrine dose-response curve was studied by pooling all of the data 
so as to get the complete picture, examining by means of graphs and testing 
by standard methods of curve fitting as described by Snedecor (7) The 
latter treatment serves to test the validity of the observer's impressions 
The results sum man ted in table 1 are as follows 

1 The relationship between dose and response is represented by a curved 
line which resembles a section of a parabola (fig 1) This curve appears 
similar to those published by Elliott (2) Lyon (4) and Rosenblueth (6) 
Some sections of this line curve so gradually that, for all practical purposes 
they may be considered straight. This holds true for that portion limited 
by doses of 55 X 10~ T to 203 X 10“ T mM per kilogram m elusive, and of the 
section specified by the U.8JPJXJ in which the response must lie between 
30 and 00 mm Hg 

t As figure 2 shows, the relationship between the log dose and the response 
is represented by a curve which consists of two intersecting straight linos. 
Each of these lines could be said to obey the Weber Fechnor law which 
states that the response is proportional to the logarithm of the dose How 
ever, no single expression of the Weber Fechner law applies throughout the 
whole range of data 

8 The curve which can be most easily applied to a set of data, either by 
inspection or by calculation is the straight line. As the foregoing and figure 
3 show such a line can justifiably be fitted throughout the entire range of 
data only when log dose is plotted against log response. When any compound 
a examined for similarity to epinephrine with respect to circulatory pressor 
action it should be tested b> a method of this kind If the slope differs from 
that characteristic of epinephrine, ue , if the plotted line a not parallel to 
that plotted for epinephrine, the potency of the compound cannot be ex 
pressed m terms of fractions or multiples of the potency of epinephrine when 
this fa taken as unity, since it will vary according to the response 161*61 at 
which comparison a made 

Analysis of the results according to the foregoing involves the accumulation 
of a relatively large quantity of data When working with individual animals 
the data obtainable are relatively few and another error due to individual 
variation becomes evident These data for two animals are presented 
graphical!} in figure 4 The slope of the dose-response curve for one fa 
considerably steeper than that for the other We consider the former of 
these two dogs relative!} sensitive to epmephnne. Proper planning of the 
experiment would help to reduce the error thus introduced, Le^ by means of 
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oganthm of the dose Ordinate is the logarithm of the reijwose 



STUPATHICOTOTflO SUBSTANCES 


107 


Relative to the accuracy of our procedure the results with paired doses 
indicate that it compares favorably with published data of other increasing 
dose methods. 


Value of results 

The epinephrine dose-response cun e was studied by pooling all of the data 
bo as to get the complete picture, examining by means of graphs and testing 
by standard methods of cun o fitting as described by Snedecor (7) The 
latter treatment serves to test the validity of the observer a impressions 
The results summarised m table 1 are as follows 

1 The relationship between dose and response is represented by a curved 
line which resembles a section of a parabola (fig. 1) This curve appears 
similar to those published by Elliott (2), Lyon (4) and Rosenblucth (0) 
Some sections of this lme curve so gradually that for all practical purposes, 
they may be considered straight This holds true for that portion limited 
by doses of 66 X 10“ 7 to 293 X 10~ T mM per kilogram inclusive, and of the 
section specified by the XJ 8 P.XI in which the response must be between. 
30 and 00 mm. Hg 

t As figure 2 showB, the relationship between the log dose and the response 
is represented by ft curve which consists of two intersecting straight lines. 
Each of theee lines could be said to obey the Weber Fechnor law, which 
states that the response is proportional to the logarithm of the dose. How 
ever no single expression of the Weber Fechner law applies throughout the 
whole range of data. 

3 The curve which can be most easily applied to a sot of data, either by 
inspection or by calculation is the straight line. As the foregoing and figure 
3 show, such a lme can justifiably be fitted throughout the entire range of 
data only wben log dose is plotted against log response When any compound 
is examined for similarity to epinephrine with respect to circulatory pressor 
action it should be tested by a method of this land If the slope differs from 
that characteristic of epinephrine, 1 e. if the plotted line is not parallel to 
that plotted for epmephrme, the potency of the compound cannot be ex 
pressed in terms of fractions or multiples of the potency of epinephrine, when 
this is taken as unity since it will vary according to the response level at 
which comparison la made 

Analysis of the results according to the foregoing involves the accumulation 
of a relatively large quantity of data. When working with individual animals 
the data obtainable are relatively few and another error due to individual 
variation becomes evident. These data for two animals are presented 
graphically m figure 4 The slope of the dose-response curve for one is 
considerably steeper than that for the other We consider the former of 
these two dogs relatively sensitive to epinephrine Proper planning of the 
experiment would help to reduce the error thus introduced Le , by means of 
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TABLE 1 

Tetlt for linear regret turn 
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V - 15 66 + 0 282x 

7: 

1120 4 

K 

5 416 3 

3 4f 

1 1 7t 

> 2 2t 

) Significant 

Vote vs response 
(Doses from 06 to 293 inclu- 
sive) 

V - 13 67 + 0 8i3i 

3f 

1138 2 

5 

102 8 

0 74 

2 48 

3 64 

l Not signifi- 
cant 

Dose vs response 
(17 S P XI seotion) 
y - 6 49 4- 0 442i 

28 

101 6 j 

2 

83 4 

0 82 

3 34 

1 

1 5 45 

Not signifi- 
cant 

Log dose vs response 
(Complete data) 
y 44 44 + 63 86 log x 

71 

120 6 

16 

2076 4 

17 23 

1 79 

2 28 

Significant 

1 

Log dose va response 
(Lower dose range) 
y - -2 42 + 17 65 logs 

36 

41 8 

8 

68 £ 

1 40 

2 21 

3 04 

Not signifi- 
cant 

Log dote vs response 
(Upper dote range) 
y - -202 51 + 125 98 log x 

36 

201 2 

6 

48 5 

0 23 

3 38 

3 38 

Not sigmfi 
cant 

Log dose vs log response 
(Complete data) 

Logp - 0 421 +0 633 log x 

71 

0 01575 

16 

0 01878 

1 IS 

1 79 

1 

2 28 

Not signlfi 
cant 


In the equations given, when raises for r are multiplied by 10" T , tho resulting product 
will give the dose of epinephrine in terms of mM per kilogram, y represents the nse In 
syetolio blood pressure m terms of mm, of Hg Under the heading “Donation," 
n ospresentB the degrees of freedom for the corresponding mean squares Under 
“Chance” the deviations are measured from the group mean, under linear regreasion 
the deviations are measured from the values calculated on the basis of linear regression 
When the term F (the ratio of the mean square of the deviations from linear regression 
to the mean square of the deviations within groups) is greater than the value In the 
6 per cent point column, the data can be said to depart significantly from linear re- 
gression When F exceeds the 1 per cent figure the certainty of significant departure 
is even greater, the odds being 99 to 1 instead of 20 to 1 
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selection the data should be collected from suitable anhrmb onlj Since the 
steeper the doso-response curve the more accurate will be the results, It 
becomes obvious that only relatively sensitive animals should be employed 







Fig 4 Differences in Slope of Arithmetic Dose-Response Lines in Two Dogs 
Abscissa figures when multiplied by 10" 7 represent dose in mM per kgm Ordinate is 
the pressor response in mm Hg 
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Result* wtth other amine* 

Ten and eight dogs were used respectively, m the investigation of the 
pressor effects of S ^ihydroxypbenethyimethylamine and S 4 -dihydro xy- 
phenethyldimethylfunine s member of a senes of tertiary phenethyl amines 
prepared by Buck et al (8) When the data collected with each of these two 
compounds were treated statistically in the same manner as were the epi- 
nephrine data, similar curves were obtained which differed only in the steep- 
ness of the respective logarithmic curves and m their position with respect 
to the two coordinate Axes The relative results are summarised in table 2. 
These results serve to emphasise the statement made before that any com 
pound which is to be compared with epinephrine for its relative pressor 
potency should be tested m accordance with a method of the character of the 


TABLE 2 

Rilahr* poUneie * of Ik* thru amine* at tkre * dxfftrtni r*rpo%*€ Util* 
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1 or loo 
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»0*»' AT VADOim BEaroXAB UT*U 

"sr| 

r 

15 mm. 
H * 

r 1 

100 run. I 
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812 1 
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11 6 

1600 
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2600 

8 8 

8 4-rHhydnaxyphenethyldiroethyI 








■minx 

0 7V5 

630 | 

18 7 

1660 

10 4 

JgjjJ 

0 3 


Multiplying do*© figure* by lO"* glv** mil per kilogram r dgnlfies ratio between 
the particular amine and epinephrine derived by dividing doae of the amine by the 
do*e of epinephrine at each reaponae level. 


one herein employed. If the slopes of the dose- response curves are not 
identical, the relative potencies of any two compounds will differ according 
to the response value at which comparison is made (see table 2) Under this 
condition the relative potencies can only be expressed in terms of the doses 
required to elicit a certain response supplemented by the determined values 
of the slopes. 


DIBOUBSION 

Lyon (4) interpreted his results as obeying the Weber Fechner law Wilkie 
(5) corroborated Lyon s observations in the higher dose range, but claimed 
that with lower doses there is a linear relationship between dose and response 
Roeenhlueth (fl), following the Elliott (2) procedure, stated that the dose- 
response curve was a rectangular hyperbola. Lyon s data m Roeenblueth s 
bands gave not a linear dose-response relationship but an 8-curve This 
difference of opinion is readily understandable for, as Clark (9) has pointed 
out, only minor variations in data often enable the fitting of several different 
curves Our own data indicate that linear dose-response relationships can 
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be shown to exist depending upon the sections of data selected and upon 
their mathematical expression and that the Weber-Fechner law holds for 
certain restricted data but not for the whole range of data When a section 
of data is selected between dose values of 65 X 10 -7 to 293 X 10- r mM 
per kilogram, a linear dose-response relationship is shown on arithmetic 
treatment This response range includes that specified by the U.S PJCI 
In view of the fact, however, that we have encountered varying sensitivities 
in different animals to progressively increasing doses it is probable that the 
U S P XI procedure could be improved by either using sensitive dogs only 
or perhaps by even sensitizing test animals pnor to experiment with some 
such drug as cocaine 

The linear logarithmic dose-response relationship demonstrated for epi- 
nephrine, S,4-dihydroxyphenethylmethylamme and 3 , ^-dihy droxyphen- 
ethyldimethylamine suggests that its determination might prove generally 
useful for the comparison of the relative potencies of sympathicotonic sub- 
stances Since within certain restricted limits the arithmetic dose-response 
curve is also a straight lme, an alternative to the foregoing would be the 
comparison of the unknown with epinephrine, when possible, in the same, 
preferably sensitive, dog by alternate progressively increasing doses, 


SUMMARY 

Three pressor amines, namely, epinephrine, 3,^-dihydroxyphenethyl- 
methylamine and 3,^-dihydroxyphenethyldimethylamme were tested for 
relative potencies by an increasing dose method, and the data were studied 
to determine when linear relationships might be assumed The following 
conclusions may be drawn 

1 The Weber-Fechner law may be said to hold for restricted ranges of our 
data but not for the data as a whole 

2 The application of a progressively increasing dose method to the bi- 
ological assay of epinephrine may be an improvement upon the U S P XI 
procedure 

3 Expressing relative pressor potencies on the basis of doses required to 
elicit a specific response may not convey a true picture when the character- 
istic slopes of the logarithmic dose-response curves of two compounds are 
not identical 

4 When the logarithmic curves of compounds being compared with 
epinephrine are dissimilar, it may indicate the presence of qualitative differ- 
ences in action 
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A point of practical as well as theoretical interest lies in the answer to the 
question of whether the digitalis glucosides possess differences in toxicity m 
relation to their therapeutic potency There are numerous references in the 
clinical literature, especially European reports, which testify to the widely 
held view that one or another of the digitalis preparations is superior in the 
treatment of this or that cardiac disorder, and it is not infrequently suggested 
that toxic manifestations call for the substitution of some other digitalis 
glucoside 

There is nothing in our knowledge of the pharmacology of the digitalis 
glucosides to justify the a priori assumption that one preparation possesses 
special superiority over another with regard to the spread between the 
i therapeutic dose and the dose causing toxic symptoms Nor is this thesis 
supported by any well controlled clinical or laboratory comparisons Moe 
and Visscher (1) have recently reported the results of experiments in which 
several glucosides from Digitalis Lanata (lanatoside A, B and C) were com- 
pared in the hearWung preparation of the dog, and from which they deduced 
that the ratio of toxic to therapeutic dose was much the highest for lanatoside 
C These findings will be discussed later, but it may be mentioned now that 
we have not been able to find m the literature convincing evidence of differ- 
ences in the ratio of toxic to therapeutic dose among the digitalis principles 
Much of the existing evidence is derived from toxic doses obtained in animal 
experiments in relation to the therapeutic dose m man, a comparison which 
is not justified m view of the differences in relative potency obtained when 
different test objects are employed (Cattell and Gold, 2) 

In the present report we present comparative data on the toxic effects in 
relation to therapeutic potency of several of the digitalis glucosides using 
a single isolated tissue as the test object— the papillary muscle from the 
right side of the cat heart 

‘ We are indebted to Mr Chnrles Saliman for assistance in the performance of the 
experiments, and to the Laboratoire Xativelle, Pans, Merck & Co , Schieffehn 4 Co , 
8andoz Chemical Works and the Warner Institute for Therapeutic Research for m»- 
tenals and other aid in connection with these studies 
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METHOD 

Tbo gfocral procedurrn employed were the tame u those described In an earlier study 
(Cattell and Gold (3)) The Isolated papillary muscle from the right aide of the cat 
heart wu connected to an optically recording Isometric lerer The muacle waa main- 
tained in tO cc. of a modified Locke a aolutlon (NaCl 0 9 per cent KC1 0 043 per cent, 
CaCh 0 013 per cent, glucose 0 l per cent, phosphate 0 01 per cent to give pH 7 2) at 
J7*C through which oxygen waa alowly paased and to which the digital la glucoddet 
were added to give the desired concentration. In order to avoid the possibility of 
complication dao to the persistence of action of these aubatancea only a single appli- 
cation waa mad* to any one preparation In certain experiment! blood aerum waa 
tuba titu ted for the Locke a solution. By means of a thyratron stimulator condenser 



Fro L Tttical Exrcaiuixrs Saownra Tin Eftsct or Ouabaiw om tit* CoimucHOw 
or Pavillabt Muscles ih Tnuntmo CowcmmiATioif (Onar Cibcuu) axd 
Toxic CoitOEcnunox (Shaded CmoLEs) 


dischargee were applied to the mueda at a constant rate (40 to fiO per minute) throughout 
the duration of the experiment. The activity of the muscle (Isometric contractions) 
was recorded at frequent intervals (usually every fi or 10 minutes) throughout the 
course of the experiment, which lasted several hours. From these records a plot was 
made of the course of the tendon response Including the period before adding the 
digitalis glucodde and for about 5 hours following, unless the contraction had ceased 
In the meantime 

In order to gain evidence on the question of whether there la a difference In the 
ratio of toxic to therapeutlo dose among the various digitalis preparations a first requi 
site was the selection of criteria for thews two effect*. A prominent influence of digitalis 
is thatof increasing the force of contraction of the isolated papillary muscle (Cattail 
and Gold (3)) a change which undoubtedly represents the therapeutic action In man 
The concentration of digitalis glucodde which was effective In producing an augments 
tion in the response in approximately 50 per cent of the experiments was arbitrarily 
chosen In the present study as representative of the minimal therapeutic dose or as 
we shall refer to it the Ikrraptutie factor When the muscle is exposed to oondderably 
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higher concentrations of the digitalis glucosides, tone effects eoon occur After an 
initial augmentation the contractile tension begins to fall off and soon fails altogether 
During this period other toxic effects are present, suoh bb extra (spontaneous) con 
tractions, and missed responses (raised threshold for excitation) The foxtc /actor 
which we used in the final calculations was determined by the time it takes from the 
application of the drug through the period of augmentation to the subsequent fall to 
one half the maximum tension 

These criteria will be made clear by reference to figure 1 which shows typical effects 
of therapeutic and toxic concentrations of ouabain The light circle* illustrate the 
course of an experiment in which a moderate dose of the drug waa employed The 
force of contraction increases gradually under the influence of ouabain and is well 
maintained, usually for at least 5 to 8 hours The curve designated with solid circles 
is typical of tho effects on contraction of a toxic concentration of the digitalis gluco- 
sides — in this instance 1 part of ouabain in 2 millions of solution Such a graph was 
plotted for each experiment and from them measurements were mado, constituting the 
data presented in the tables 

The procedure was as follows First the threshold concentration resulting m aug- 
mentation was established in a senes of preparations (therapeutic factor) Other 
preparations were exposed to toxio concentrations of the same drug producing effects 
within a convenient time limit (toxic factor)— usually between 1 and 3 hours The 
tone concentrations which were used for the comparison of various glucosides were 
multiples of tho therapeutic concentrations, usually between 20 and 50 times the thera 
peutic concentrations In the present communication data are given for ouabain 
(Merck), digitoxm (Merck) and “Digitalme Nativelle" (Laboratoire Nativelle) and 
lanatoside A, B and C (Sandoz) 


RESULTS 

The data from which the estimation of minimal therapeutic concentra- 
tions (therapeutic factor) was derived for ouabam, digitoxm and lanatoside 
A, B and C, based on more than 100 experiments, are given m figure 2 Ap- 
proximately half of the preparations gave a positive response (increased 
force of contraction) at dilutions of ouabam and digitoxm of 1 part in 100 
milkons 5 Thus these two glucosides possess a similar order of therapeutic 
potency 

The results for the lanatoside compounds (fig 2) show them to be muoh 
le 33 potent, l e they have only about a tenth of the activity of ouabam or 
digitoxm m the isolated papillary muscle 

The results for the several lanatoside compounds are designated by different 
symbols in the figure, from which it will be seen that lanatoside A, B and C 
do not differ appreciably with regard to then- activity in augmenting the 
concentration of the papillary muscle preparation, i e , their therapeutic 
potency as here defined is similar 

Data relating to the toxicity of the several glucosides investigated are 
assembled m tables 1, 2 and 3 Figures are given for the time from the appli- 
cation of the drug in various concentrations to 1 the maximum augmentation 

» Occasional positive responses have been observed at dilutions as high as 1 part in 
150 and 200 millions 
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of the tension response, X the subsequent reduction to 60 per cent of the 
maximum response and S the complete loss of contractility The tables also 
Include data in the third column, shoeing the degree of augmentation occur 
ring in each experiment, expressed as a multiple of the tension present at the 
time the gfucoode was administered. Bmce this figure is influenced by the 
original magnitude of the response and other factors, It U not a r eliab le 
measure of potency of the drugs A number of determinations have been 



Fjo 2. Data non Which the Thxe mhou> Tamnsvrro CoitummAvon or Shtxhai* 
Diqitaua GLtrco*iDra Wa* ArraoxmATSD 

made at each of several concentrations of ouabain, digitoxm, lanatoride B 
and lanatqmde C, usually as many as ten estimations were made at points 
critical for the comparison of the potency 
With regard to the criterion best representing toxic potency (toxic factor) 
there appear* to be very little choice between the threo for which data are 
given m the tables. The tune elapsing before the maximum response is 
reached might be Influenced by the rate at which the therapeutic effect is 
produced and therefore is not determined solely by the toxic action responsible 
for the following decline The tune to complete failure is likely to be some- 
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TABLE 1 


Time to oneel of effects produced by toxic concentrations of ouabain 


experiment date 

CONCENTRATION 

AUGMENTATION* 

KXX-t 

iUAX.} 

END J 



mullxpl* 

mmu/ti 

minuti* 

mfriuU* 

2/23/40 

1 1,000,000 

32 

25 

32 

40 

4/ 9/40 


40 

19 

26 

29 



16 

34 

45 

66 l 

4/11/40 


8 

25 

37 

60 

4/11/40 


6 ’ 

34 

61 

69 

Average 


27 4 

■a 

48 8 

Standard deviation 


2 1 

II 

2 1 

2/23/40 

1 2,000,000 

6 

47 

80 

112 

2/27/40 


8 

54 

74 

84 

4/ 1/40 


9 

60 

77 

92 

4/ 2/40 


31 

86 

117 

136 

4/ 4/40 


36 

83 

100 

113 

6/ 6/40 


6 

66 

93 

109 

6/ 6/40 


2 

49 

70 

84 

6/ 6/40 


3 

69 

102 

124 

6/ 6/40 


4 

40 

69 

80 

6/8/40 


6 

99 

1 113 

129 

Average 


65 3 

89 5 

106 3 

Standard deviation 


6 0 

6 6 

6 3 

2/26/40 

1 6,000,000 

21 

124 

194 

230 

4/ 3/40 


H 

121 

138 

164 

4/ 3/40 


2 

174 

204 

249 

4/ 4/40 


16+ 

120 

218 

266 

4/ 6/40 


2 

106 

146 

191 

5/ 7/40 


5 

85 

108 

130 

6/ 9/40 


4 

67 

124 

147 

5/16/40 


2 

29 

70 

76 

6/21/40 


3 

79 

94 

124 

5/23/40 


10 

45 

80 

125 

6/24/40 


31 

160 

186 

229 

5/27/40 


8 

109 

136 

149 

5/27/40 


7 

70 

97 

120 

Average 


9S 4 

138 1 

168 6 

Standard deviation 


11 4 

13 8 

16 3 


• Numbers represent maximum tension m multiples of the tension preceding the 


application of the drug 

f Interval between application of drug and rise to maximum tension 
\ Interval between application of drug and fall to i maximum tension 
§ Interval between application of drug to Ioes of contractility 
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what drawn out and thus not representative of a sharp end-point. The figures 
for the tune required for the tension to fall to one-half the maximum, on the 
other hand represent a point of rapid change and theoretically should give the 
most accurate measurement As already stated, this is the one (toxic factor) 

TABLE 2 


fmi to on*d of tjftci* produced by toxic concentration* of Difitahn* 


txmncorr BiT* 

co*aon-mATtt»r 

awmotaho* 

KAX-t 

i mx*4 




*«Wb'p U 

mimtdm 

Wtirifi 


V e /40 

1 2 000 000 

12 

77 

81 

92 

1 / e/40 


22 

66 

118 

133 

3/27/40 



61 

79 

91 



34 


68 

12S 



10 


70 

88 



5 


99 

121 





70 

86 





86 

113 





65 

83 




76 

94 

108 

Average 


66 0 

86 0 

104 1 

Standard deviation 


4 6 

6 3 

6 6 

3/25/40 

1 6 000 000 

9 

99 

183 

160 

3/16/40 


6 

90 

146 

168 

3/26/40 


40+ 

67 

93 

112 

3/26/40 


7 

100 

117 

160 

3/26/40 


14 

116 

160 

184 

6/16/40 


2 

61 

72 

76 

6/16/40 


6 

104 

165 

174 

6/18/40 


9 

88 

107 

166 

6/22/40 


H 

03 

124 

146 

6/22/40 


2 

14L 

174 

186 

Average 


96 9 

127 1 

151 1 

Standard deviation 


7 1 

0 1 

11 6 


Number* represent maximum tension in multiple* of the tenaion preceding the 
application of the drug. 

t In terra! between application of drug and riae to maximum teniion. 

X Interval between application of drug and fall to 1 maTimnm tendon. 

| Interval between application of drug to loa* of contractility 

on which the final ratios were baaed. Actually, however these three points 
fall on an approximately straight line differing only m slope when the average 
tunes are plotted This is true for every group of experiments so that any 
one of these points gives the same answer with reference to the toxicity of the 
drug in question 

The validity of the toxic factor which we used, namel> the interval from 











TABLE 3 

Time to onset of effects produced by tone concentrations of lanaloside C and B 


jotynoixifT 

DATE 

COJTCrSTHATlOS 

AtJOVreXTATIOTf 

* uax4 

1 vxx-t 

rxol 






mfnuia 

4/ 4/40 

1 200,000 


29 


57 

2/20/40 

Lanatoside C 


18 


29 

2/29/40 



25 


38 

2/29/40 



39 


56 

4/ S/40 



46 


76 

Average 



30 6 

40 2 

61 2 

Standard deviation 


5 0 

5 8 

8 1 

3/ 1/40 

1 500,000 

14 

58 

67 

81 

3/ 1/40 

Lanatoside C 

33 

66 

87 

110 

3/ 6/40 


15 

66 

87 

96 

3/ 6/40 


6i 

46 

64 

74 

3/ 7/40 


n 

48 

78 

96 

3/22/40 


6+ 

59 

74 

/9 

3/22/40 


8 

50 

89 

119 

3/22/40 


8 

46 

60 

64 

3/23/40 


11 

60 

Cl 

95 

3/26/40 


6 

77 

107 

120 

Average 



66 6 

77 4 

93 4 

Standard deviation 


1 1 

5 6 

60 

3/ 5/40 

1 500,000 


27 

40 

62 

3/ 5/40 

Lanatoside B 


44 

60 

75 

3/ 5/40 



36 

64 

94 

3/ 7/40 



33 

44 

63 

3/ 7/40 



30 

60 

80 

3/ 7/40 


9 

61 

103 

110 

3/19/40 


4 

59 

68 

94 

3/19/40 


8 

36 

78 

97 

3/21/40 


3 

30 

54 

71 

3/21/40 


5 

85 

55 

90 

Average 



39 7 

62 6 

81 6 

Standard deviation 


3 7 

5 7 

6 3 

4/ 8/40 

1 750,000 

2+ 

49 

59 

109 

4/ 8/40 

Lanatoside C 

3 

84 

149 

184 

4/ 8/40 


7 

59 

74 

92 

4/ 8/40 


6 

69 

92 

99 

4/ 9/40 


2} 

74 

119 

134 

Average 



67 0 

98 0 

123 6 

Standard deviation 


6 0 

16 1 

17 3 


• Numbers represent maximum tension in multiples of the tension preceding the 


application of the drug 

t Interval between application of drug and rise to maximum tension 
| Interval between application of drug and fall to § maximum tension 
5 Interval between application of drug to loss of contractility 
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the time of application of the drug to the time when the systolic tension 
was reduced to 60 per cent of the maximum, as an expression of potency, was 
established by the comparison of different concentrations of each glucodde, 
the data for which are presented in the tables It will be seen that the time 
is prolonged in direct relation to the reduction m concentration and that this 
criterion serves as a fairly sensitive biological indicator of the potency of the 
drug in the range employed An analysis of the data indicates that a chan ge 
m potency of 60 per cent can be recognixed without difficulty Even though 
fairly large individual variations occur within each group, when the number 
of experiments is increased to ten the standard deviation from the average 
is less than 10 per cent 

The first point of interest lies in the comparison of the ratio of the toxic 
to therapeutic dose in the several members of the lanatoaide senes, since it 
has been suggested by Moe and Visscher (1) that in this regard lanatoaide C 
may have as much as a 30-fold superiority over lanatoaide B The data of 
figure 2 already referred to, fail to indicate differences m potency among the 
three lanatosido compounds A, B and C with regard to their action m improv 
ing the force of contraction of cardiac muscle, Le. their therapeutic potencies, 
as here defined, are similar A comparison of the tone potency of lanatoaide 
C and lanatoaide B is given by the data in table 3 A slight superionty H 
suggested for the former m concentrations of 1 part m 600 000 unco it took 
about 25 per cent longer to reach the point where the tendon fell to 60 per 
cent of the maxim um. This difference is mathematically not significant 
That m any case it would represent something leas than a 60 per cent greater 
toxio potency for lanatoaide B over O waa shown by additional experiments 
with lanatoaide B employing a 60 per cent higher dilution — a dilution which, 
on the basis of the results given in table 3, was definitely less tone than 
1 600,000 of C Thus the ratio of toxic to therapeutic concentration of 
lanatoaide O and lanatoaide B do not differ materially and faff to support the 
conclusion reached by Moe and Visscher (1) derived from experiments on 
other material 

It was not possible to distinguish between ouabain and digitoxm on the 
basis of their action on the papillary muscle For both, the threshold con- 
centration, Le., that augmenting the response In 60 per cent of the experi- 
ments, was approximately 1 part in 100 millions of Locke s solution (see fig. 
2) The tone effects of stronger solutions (tables 1 and 2) appeared at the 
same time with similar concentrations of the two drugs within the accuracy 
of the measurements. Thus the ratio of toxic to therapeutic concentration 
was found to be the same for ouabain and digi toxin. 

The most important difference appears when a comparison is made of the 
lanatoaide group with ouabain and digitoxm. The minimal therapeutic 
concentration may be taken as 1 to 10 million for the lanatomdes and 1 to 100 
million for the others (fig. 2) With a 50-fold increase in the therapeutic 
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dose (1 2,000,000) the toxic factor which we used appeared in 89 minutes for 
ouabain and 86 minutes for "Digitaline Nativelle” (tables 2 and 3), while 
with a corresponding 50-fold increase in the therapeutic dose of lanatoside C 
(1 200,000) the toxic factor was reached m an average time of only 40 
minutes Also, with a 20-fold increase m the therapeutic dose (1 5,000,000) 
the toxic factor appeared in 138 minutes for ouabain and in 127 mmutes for 
“Digitaline Nativelle,” whereas, with a corresponding 20-fold increase in the 
therapeutic dose of lanatoside B and C (1 500,000) the toxic faotor was 
reached m 63 and 77 mmutes Thus the spread between the toxic and 
therapeutic doses is somewhat smaller for the lanatosides than for “Digitaline 
Nativelle” or ouabam viz ouabain and digi toxin have a toxic to therapeutic 
ratio of between 2 and 3 times that of lanatoside B and lanatoside C This 
difference is not large, and until confirmatory results are obtained a final 
conclusion is not justified 


DISCUSSION 

The problem of central interest m the present investigation rests m the 
answer to the question— -Do the various digitalis glucosides differ among 
themselves with respect to the ratio of toxic to therapeutic dose? In a simple 
tissue such as cardiac muscle, in the absence of evidence to the contrary, it 
would appear likely that the property of the glucoside responsible for the 
therapeutic action would also mediate the toxic effects which appear when the 
concentration is sufficiently raised If all the cardiac glucosides act through a 
similar mechanism it should then be impossible to dissociate these effects by 
changes m the structure of the molecule, i e , the spread between therapeutic 
and toxic doses for all should be the same The situation is more complex 
m the mtact animal where theoretically side effects, such as emesis, might 
more probably be mediated by a portion of the molecule not essential to its 
therapeutic action 

Conclusive experimental evidence bearing on this problem is wanting 
Moe and Visscher (1) have investigated the question, utihzmg efficiency 
changes m the heart-lung preparation of the dog as an index of therapeutic 
action, and hav e arrived at the conclusion that there are wide differences in 
the ratio of therapeutic to toxic doses among digitalis glucosides By relatmg 
the fatal intravenous dose in the cat to the dose causing efficiency cbiyiges 
in the heart-lung preparation of the dog they deduced that the ratio of toxic 
to therapeutic dose is about 30 times as large for lanatoside C as for lanatoside 
B However, in new of the great divergence in susceptibility obtawmg 
from one animal to another, and in the same animal depending on the experi- 
mental set-up (see Cattell and Gold (2)) this comparison is not justified 
Examples illustrating the danger of drawing conclusions from such compari- 
sons are to be found m the data of this paper Thus ouabam and digitoxm 
hav e the same potency when tested on the papillary' muscle, but when assay 



POTENCY OF DIGITALIS OLUCOSTDES 


123 


by the Hatcher Brody cat tcchwo the potency of ouabain is about 4 times that 
of digitonn, and by the one-hour frog mothod it is about 8 times that of 
digitoxm The lanatoeide compounds have onlj about a tenth of the activity 
of ouabain or digitoxm on the papillarj muscle of the cat, but in the intact 
animal lanatoside C is more potent than digitoxm. 

Moe and Visecher (1) also related the dose required to produce cardiac 
irregularities to the efficiency Improving doee in the heart lung preparation 
and obtained results leading to the curious conclusion that lanatoside A and 
B, but not C, produce toxic effects m doses smaller than those required to 
produce therapeutic effects When by this method, the ratio of the toxic 
to therapeutic dose was computed for the several members of this group, 
lanatoside C gave o figure at least 9 times that of lanatoside B and almost as 
great for lanatoside A Since both tho torio and therapeutic doses were 
measured on the same biological material this is a more significant type of 
comparison However, further study is needed to establish the value of the 
ratios, for while the doses were arrived at by taking the smallest amount 
producing a positive effect in a senes of experiments fairly large increments 
of dosage were used and the values for the minimal effective therapeutic and 
toxic doses were determined m the case of lanatoside C by single observations 
Ten years ago a study was made by Gold Hitng Golf and and Glaasman 
(4) in an endeavor to answer the same question and this led to a conclusion 
opposite to that of the more recent work of Moe and Visscher Comparisons 
were made for a number of digitalis bodies with reference to the average 
percentage of the fatal dose producing the first change m various electro- 
cardiographic signs in cats They stated " we have not examined all the 
actions of the digitalis bodies not even the most important one, namely, the 
action directly upon the heart which improves myocardial efficiency in 
congestive heart failure We have, however, compared a number of 
cardiac actions within both the therapeutic and toxic range of widely different 
digitalis bodies and the results show that these act with the same relative 
intensity upon different cardiac structures. This conclusion gains strong 
support from some recent studies on man (Gold Kwit and Cattell (6) Kwit 
Gold and Cattell (0)) which indicate that changes m the T wave of the 
electrocardiogram run parallel with tho essential therapeutic action of digitalis 
whyh leads to changes in the heart rate of patients with auricular fibrillation 
These papers also present evidence on the relationship between the toxic and 
thorapeutic dose in man for digitalis, Digitaline Nativelle and lanatoeide C 
(Ceddamd Sandoi) The data are summarised m table 4 These results 
indicate that the therapeutic dose for each of the three preparations represents 
approximately the same percentage of the tone dose 
The experimental evidence discussed above leaies considerable doubt as 
to whether the toxic effects of the digitalis glucosides can bo dissociated from 
their therapeutic effects, it is not unlikely that they are both manifestations of 
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the same fimdamental action on the cell For the most part the results of the 
present study support this thesis On the papillary muscle of the cat ouabain 
and digitoxm have about the same potency with reference to both their 
therapeutic and toxic effects Similarly the lanatoside glucosides A, B and C, 
while possessing a lower potency, do not differ among themselves with regard 
to the spread between therapeutic and toxic concentrations However, 
there is an interesting difference between these two groups According to 
the criteria used ouabain and digitoxm appear to be slightly less toxic m 
relation to their therapeutic concentrations than are the lanatoside com- 
pounds, vie m the average the ratio of the toxic to therapeutic dose is between 
2 and 3 times greater for ouabam and digitoxm In view of its theoretical 
and practical implications we wish at the present tune to leave open the ques- 


TABLE 4 

Ratio of toxic to therapeutic dose in man 



*rBCXHTACT® or 
rvUs TCHUTEtmo 
DOSE 1 

mtobxb or cjisra 

urciDtffcx or 
Topcrn 

Digitalis 

100 

82 

p*r ctni 

3 7 

Digitalis 

200 

125 

38 4 

Digitahne (Nativelle) 

100 

24 

8 3 

Digitaline (Nativelle) 

200 

13 

40 0 

Lanatoside C 

100 

20 

7 6 

Lanatoside C 

200 

16 

50 0 


tion of the significance of this small difference We expect to obtain further 
data with a modified technic which it is hoped will give a more precise answer 

BUHHABY 

The relative potency with regard to both therapeutic and toxic effects on 
isolated papillary muscles from the cat have been determined for the following 
glucosides Ouabam (Merck), Digitoxm (Merck), Digitahne (Laboratoire 
Nativelle), Lanatoside A (Sandoz), Lanatoside B (Sandos) and Lanatoside C 
(Cedilamd, Sandoz) 

The minimum concentration of ouabam and digitoxm, i e , that causing 
increased force of contraction m 60 per cent of experiments (therapeutic 
effect) is 1 part m 100 millions of Locke’s solution, for the lanatoside com- 
pounds it is approximately 1 part in 10 millions 

When the concentration of any of the glucosides is sufficient^ increased 
toxic effects are produced, including extra contractions, loss of excitability 
and diminished force of contraction 
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The ratio of the concentrations producing therapeutic and toxic effect* 
la the same for Digitaline Nativelle" and ouabain There is also similarity 
among the several lanatomde glucoeides studied and thus by this techmo 
we have not been able to confirm the wide margin between the therapeutic 
and tone dose reported by Moe and Yisaeher for lanatoside C- 
Ouabain and “Digitaline Natl veil e ’ both give a sbghtly higher value for the 
ratio of toxic to therapeutic concentration In comparison with the lanatoside 
compounds. The evaluation of the significance erf this finding must await 
further evidence. 

The available evidence pertaining to the questions of differences m the 
relationship between toxic and therapeutic doees among different glucoaides 
fa discussed, and the conclusion is reached that proof of the existence of such 
differences Is still wanting 
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Previous studies in this laboratory have shown the value of cyclopropyl 
methyl ether (cyprome ether) as an anesthetic agent in several species of 
animals (1) Furthermore, anesthesias have been conducted on man and 
various operative procedures have been earned out satisfactonly under this 
anesthetic agent (2) Methyl allyl ether, which is a structural isomer of 
cyprome ether, differs from the latter only by the presence of a double bond 
instead of a three membered nng in the molecule The chemical relationship 
is shown by the formulae 



Cyprome Ether 



Owing to this constitutional relationship, it seemed desirable to study the 
pharmacology of methyl allyl ether All experimental technics employed 
m this investigation were the same as those used with cyprome ether 


OBSERVATION ANESTHESIAS 

General behavior 

Ten dogs were anesthetized with methyl allyl ether The reduction penod 
of anesthesia was long and the animals struggled considerably before passing 
into the plane of surgical anesthesia Salivation was quite marked during 
reduction Surgical anesthesia was uneventful, but complete relaxation of 
the musculature of the abdomen or the extremities a as not ob tamed There 

1 The expense of this investigation was defrayed in part by a grant from the Ohio 
Chemical and Manufacturing Co of Cleveland, Ohio The authors are greatly indebted 
to Dr Amos G Homey of the technical staff of this company for preparing large 
quantities of methyl ally] ether for the prosecution of these studies 
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were manj uncoordinated movements of the legs during anesthesia. Pain 
reflexes were abolished The period of recovery from Anesthesias of 20 to 30 
minutes duration was short, but longer than that observed with ether 
During recovery the animals showed violent m coordinated leg and head 
movements Tremors and extensor rigidity of the hind legs were observed. 
The head was frequently thrust forcefully against the floor of the cage in a 
severe syndrome of sneering The sneexing in some animals occurred 
periodically for two days after the anesthesia In others it developed some 

TABLE 1 


Antithetic index in dofr—allyl methyl tiher 


mrKin 

niuT or t>oo 

in 

^DCB** 1 * 

routuiuf 1 



l#m. 



•a- j*r fc/m. 

“->*>>■ 

1 

7 0 

M 

1 16 

1 79 

2 07 

2 

0 6 

M 

1 50 

1 05 

1 58 

2 

11 9 

M 

2 00 

1 39 

2 73 

4 

6 1 

F 

1 80 

0 00 

1 64 

5 

6 2 

M 

1 20 

1 85 

2 30 

6 

7 9 

M 

1 21 

1 46 

1 77 

7 

6 9 

M 

1 75 

0 87 

1 52 

8 

11 0 

M 

2 SO 

1 18 

2 70 

9 

7 6 

F 

1 41 

1 12 

1 60 

10 

7 9 

M 

1 03 

1 01 

1 06 

11 

7 1 

M 

1 03 

1 13 

2 18 

12 

7 4 

F 

1 55 j 

1 21 

1 00 

13 

12 2 

F 

1 62 | 

0 80 i 

1 40 

14 

9 4 

F 

1 43 I 

1 22 

1 75 

15 

10 8 

M 

1 06 1 

1 16 | 

2 27 

16 

9 5 

M 

1 48 1 

1 21 i 

1 79 

17 

5 8 

F 

1 46 

1 04 | 

1 51 

18 

10 0 

M 

X 70 

0 85 

1 45 




1 63 

1 18 

1 89 

0 

0 30 




time after recovery and lasted for 24 to 48 hours. The buccal and nasal 
membranes m dogs appeared inflamed for several days. 

Antithetic tndtx 

The number of cubic centimeters of the anesthetic required to produce 
surgical anesthesia was divided into the volume required to produce respire 
tory arrest and the quotient designated as the anesthetic index. The results 
are set forth m table 1 

The anesthetic index is slightly less than that observed with ethyl ether, 
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the index of which is 1 76 Sigma, however, was much larger in this senes 
of experiments, owing to the difficulty expenenced m differentiating the anes- 
thetic planes The volumes required for mduction and respiratory failure 
were not significantly different from those employed in ethyl ether expen- 
ments With cyprome ether, however, approximately half of this volume 
was required for mduction 


Blood pressure 

The effect of methyl allyl ether on the blood pressure of the dog was deter- 
mined by three typical experiments Blood pressure fell progressively from 
the beginning of surgical anesthesia The rate and amplitude of respiration 
also were depressed and respiration failed simultaneously with cardiac 
stoppage 


TABLE 2 


Induction concentration m mice — methyl allyl ether 


rARTZAL 

MMUM 

CC. FEB LITER 

xtncREK or 
mux rra jar 

JCtttfBEB or MICE 
TJBED 

PER CERT 
AXtmwu 

ATE RACE IXDET 

71 OR TOTE 

per ctnt 

3 

mm 

3 

12 


minuUt 

4 

BLIr. 

3 

12 


7 

5 

0 20 

3 

12 


7 

6 

0 24 

3 

36 


6 


Effect on the perfused heart of the frog 

Methyl allyl ether was dissolved in Howell-Ringer’s solution and perfused 
through the frog’s heart in situ Previously it had been shown that the 
isomer, cyprome ether, could be perfused through the frog’s heart in 0 014 M 
concentrations for at least 30 minutes without demonstrable effect This 
concentration of methyl allyl ether caused immediate diminution of the 
amplitude of the beat A 0 1 M solution of methyl ally 1 ether produced 
cardiac stoppage within one minute Methyl allyl ether therefore exhibits a 
greater cardiac toxicity than does cyprome ether Twelve experiments were 
conducted 


Concentration required for anesthesia in mice 

The concentration in the respired air required to mduce anesthesia was 
determined by typical partial pressure experiments on mice The results 
are set forth m table 2 

The animals showed marked Iacnmation and irritation of the upper respira- 
tory tract during anesthesia Within 5 days after anesthesia, half the animals 
died The threshold concentrations for anesthesia m the mouse appear to be 
approximately the same for methyl allyl ether and cyprome ether Hon- 
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ever, the induction period is approximately one-tenth as long for the latter 
There were no deaths attributable to the anesthetic when cyprome ether 
was employed. 

Btsiobffical studies of Uver and kidney tissue t n rats 
Six white male tats weighing between 175 and 200 grams were anesthetized 
for 10 minutes on 6 successive days Dunng the final anesthesia the liver, 
kidneys and lungs were extirpated and then examined hiato pathologically by 
Professor Hugh R, Spencer of the Department of Pathology 
The lungs and kidneys of all of the animals appeared to be normal The 
livers showed necrotlo changes of the central portion of the lobules involving 
from one-third to one-half of the tissue of the lobule 

DISCUSSION 

Although the pharmacologic action of methyl ally! ether has not boon 
previously investigated the action of many different compounds containing 
the ollyl group have been studied (3) Allyl alcohol is strikingly irritant 
to the mucous membranes and will produce convulsions, coma and death. 
The alcohol is reputed to be fifty times more toxic than propyl alcohol its 
saturated analogue (4) The irritating properties of the allyl group upon 
the mucous membranes apparently are exhibited by methyl allyl ether We 
believe that the allyl group is responsible for the protracted sneezing and 
nasal irritation accompanying anesthesia with this compound. A sample of 
methyl allyl ether was washed well with water, dried and treated with 
sodium hydroxide to remove any possible traces of allyl alcohoL This sample 
still produced the characteristic) post-anesthetic syndrome. In addition a 
dog was anesthetized with ethyl ether containing 0.5 per cent allyl alcohol 
and the syndrome following anesthesia with methyl ally! ether did not occur 
These experiments show that if a small amount of allyl alcohol were present 
m methyl allyl ether it could not have been the causative factor of the post 
anesthetic syndrome. 


BUMMAHT AND CONCLUSIONS 

1 Methyl allyl ether, isomeric with cyclopropyl methyl ether, exhibits 
anesthetic properties In the dog rat and mouse. 

2 This pharmacologic studj of methyl allyl ether, in our opinion shows 
that its toxicity to the liver and its devastating post-anesthetic syndrome 
render it unsuitable as an anesthetic in man, 
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In our report (1) that guanidine hydrochloride causes marked symptomatic 
improvement in myasthenia gravis we noted that persons with this disease 
tolerate considerably larger doses of the drug than do normal individuals 
The greater tolerance appeared to be due to a greater ability to take guanidine 
without producing a sustained increase in the amount present m the blood 
rather than to a decreased sensitivity to the effect of increased concentration 
of guanidine in the body fluids When sufficiently large doses of the drug 
are given to cause a persistent significant elevation of the amount of guanidine 
m the blood of persons with my asthenia gravis they manifest the same symp- 
toms of intolerance as are shown by normals with a comparable degree of 
hypetguamdincmia The striking difference is thfe comparative doses re- 
? quired to cause equal increases in the lei el of guanidine m the blood of 
normal individuals and of persons with myasthenia gravis 

This observation raises certain simple preliminary questions which are of 
fundamental importance m an analysis of the mechanism of the effectiv eness 
of guanidine as a therapeutic agent Do persons with myasthenia gravis 
absorb the drug as promptly and completely as normal persons? Do they 
rapidly excrete unchanged a larger proportion of the amount absorbed? Do 
their tissues pick up from the blood stream and retain larger amounts of 
guanidine? Do they more rapidly convert guanidine into other compounds 
which are non-to'ac ? 

Our earlier demonstration in patients with myasthenia grans that the 
promptness of response and the effectiveness of a given amount of guanidine 
is nearly the same whether the drug is given orally or intravenously indicates 
a rapid and nearly complete absorption of guanidine by drochlonde from the 
gastrointestinal tract 

The mam purpose in the present investigation was to compare the urinary 
excretion of ingested guanidine in patients with mj asthenia gravis and in 
normal persons In the hope of throwing some light on the problem of the 

i This work was aided by a Grant from the John and Mary R Marklo Foundation 
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poeciblo conversion of guanidine into other related compounds we also studied 
the effect of g uanidin e administration on the urinary excretion of creatine 
and glycocyamine (guanido acetic acid) Thompson (2) has reported a 
marked increase in creatine excretion following the simultaneous adnumatra 
bon of guanidine and hexamethylene-tetnumne. Wishart (3) found an 
mcrwme m muaolc creatine m animals following the administration of gunni 
dine carbonate and Beard and Pixzolato (4) made similar observations fol 
lowing the injection of methjl guanidine in rats. Evidence is constantly 
accumulating (6-8) that glycocyamine is a probable intermediate product 
in the synthesis of creatine m the body 

Considerable preliminary work was necessary in order to work out satis- 
factory procedures for the quantitative determination of guanidine and 
glycocyamine in unne. A brief description of the methods used together 
with the experimental data obtained are presented m this paper 

METHODS 

The determination of guanidine Involves separation from the chemically related 
compound* creatine and creatinine which are present In considerable amounts The 
procedure which we finally adopted waa a combination of the separation of guanidine 
a a pi crate according to the method of Sharpe (9) followed by a colorimetric determina 
tion of the precipitated guanidine by the method of Sullivan (10) In brief Sharpe 
precipitate* from an aqueoua solution and weighs aa picratc the guanidine which has 
been removed by alcoholic extraction from the dried residue obtained by thoevapora 
tion of a considerable volume of urine prevloualy treated with tannic acid and barium 
hydroxide. The firat pi crate precipitate obtained la puniled by recryitallliatlan in 
order to remove creatinine and ammonium pi era tea which ere present as contaminant* 
The method has been subjected to criticiim by Green waid (11) and White (12) on the 
basis that pi crates other than guanidine may pen! it after recryital Illation and add to 
the apparent guanidine determined gran metrically Rather than weighing the plcrate 
obtained we have found it more aatiafaotory for our purpose to take advantage of 
Sullivans colorimetric method for the determination of the guanidine preaent In a 
solution of the plcrate This method la baaed on the formation of a colored compound 
by the reaction of gua n idi n e with 1 £ naphtha qainone-4-eodlum aulphonate After 
testing a large variety of compounds Sullivan found this test to have a rather high degree 
of specificity for guanidine Even the closely related methyl guanidine fall* to give the 
reaction Of the aubstances likely to be preaent In urine only ammonia and methyl 
amine may contribute to tbe color produced by guanidine Thia makes it Important 
to remove any plcrate* of these compound* which may be preaent aa a contaminant In 
the precipitated guanidine Tbe email amounts of methyl amine which may be present 
are readily lost through solubility of tbe plcrate According to Greenwald (11) tbe 
comparative solubilities of guanidine creatinine and ammonium picrates In 100 cc 
of water at 20*C are 84 184 and 1020 mgm. respectively Thai it la relatively easier 
to remove ammonia than creatinine by recryitalliiation of guanidine plcrate from water 
In the colorimetric determination of guanidine by Sullivan a method tbe presence of 
•mall amounts of creatinine does no harm In our procedure tbe separated guanidine 
plcrate punfied by recryitalliiation was dissolved in water and the color produced by a 
suitable aliquot of this solution waa compared In a colorimeter with the color produced 
by 0.5 mgm of guanidine With the combination of methods which we tusd it was found 
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that equally good recoveries of guanidine were obtained by omitting the treatment of 
unne with tannic acid and banum hydroxide and proceeding directly to the evaporation 
of the urine and subsequent extraction with alcohol 

Obviously our whole procedure has been adapted to the determination of the rather 
large amounts of guanidine present in unho following the ingestion of guanidine hydro 
chloride It has been reported that small amounts of guanidine or methyl guanidine 
can be isolated from rather large volumes of normal unne (13) (14) In our study 
we were not concerned with establishing the presence or absence of traces of guanidine 
m normal urine With the small (75 to 150 cc ) samples used for the determinations no 
guanidine was isolated from normal unne by our procedure These negative controls 


TABLE 1 

Recoveries of guanidine hydrochloride added (o normal unne 


mm 

HER 

roLtruE 

or 

truxx 

QUART 

DIKE 

ADDED 

QUART 

DIKE 

DETER 

Jtxnxv 

PEBCEirr 
AOE RE 
COVERED 

REMARKS 

1 

cc. 

200 

60 

46 0 

92 0 

Tannic acid + Ba(OH)i treatment 

2 

200 

60 

47 3 

94 6 

Tannic acid + Ba(OH)i treatment 

3 

200 

60 

48 6 

97 2 

Tannic acid + Ba(OH), treatment 

4 

200 

60 

52 7 

105 4 

Tanmo acid + Ba(OH), treatment 

5 

200 

50 

60 8 

100 2 

Tannio acid + Ba(OH) 1 treatment 

6 

200 

60 

52 3 

104 6 

Tanmo acid + Ba(OH)i treatment 

7 

200 

60 

47 8 

95 6 

Tanmc acid + Ba(OH), treatment 

8 

100 

60 

! 47 6 

95 2 

Shorter process, direct evaporation of urine 

9 

100 

40 

36 6 

91 6 

Shorter process, direct evaporation of unne 

10 

100 

30 

30 8 

102 0 

Shorter process, direct evaporation of unne 

11 

100 

50 

46 3 

92 6 

Shorter process, direct evaporation of unne 

12 

100 

20 

20 0 

100 0 

Shorter process, direct evaporation of unne 

13 

160 

26 

26 2 

100 8 

Shorter process, direct evaporation of unne 

14 

150 

25 

25 0 

100 0 

Shorter process, direct evaporation of unne 

16 

150 

20 

20 0 

100 0 

Shorter process, direct evaporation of unne 

16 

160 

20 

19 8 

99 0 

Shorter process, direot evaporation of unne 

17 

200 

60 

47 6 

95 2 

Allowed to Btand 24 hours before analysis 

18 

200 

40 

36 6 

91 6 

Allowed to stand 24 hours before analysis 

19 

200 

30 

30 8 

102 0 

Allowed to stand 48 hours before analysis 


also indicate that under the conditions of our cxpenments no significant error is being 
introduced in our positive results bj contamination with picrates other than guanidine 
pi crate A senes of recovenes of guanidine added to normal urine are presented In 
table 1 Provided the unnes were made acid to litmus and preserved with chloroform 
we did not encounter the difficulty mentioned by Sullivan (10) that satlsfactorj re 
covenes cannot be made if unne is allowed to stand for some time after the addition 
of guanidine before the analysis is started As may be seen in table 1 we obtained essen- 
tially the snmo results after a delay of as long as 48 hours 

For the determination of glycocj amine use u as made of tbo color reaction described 
by Sakakuchi (15) following adsorption of the glycocyamme on Lloyd s reagent and 
subsequent elution with banum hy drovide essentially according to the method described 
by Weber (16, 17) and modified b> Bodansky (18) At first poor recovenes of added 
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glycocyamlne resulted because of difficulties encountered with the step which In voir on 
the removal of ammonia and poesible imall amount* of other interfering ■abrtanee* 
from tho final eolation bj shaking with permutit When pore solution* of glycocyamlne 
were ibiken with certain sample* of permutit varying amount* of glyeocyamine were 
adaorbed on the reagent With other aamplea this low did not occur Repeated teat* 
under different condition! Indicated that the difficulty did not aria© from any permanent 
defect in a given lot of permutit but wae associated with the etate of hydration of the 
reagent tiaed. We found that recently washed permntit which had been allowed to 
become superficially dry at room temperature was particularly likely to adsorb glyeo- 
cyamine Frequently if auch a sample waa merely *et aside to age for several week* 
It could then be used without causing a lone of glycocyamlne By drying numerous lot* 
of permutit to a conatant weight at a high temperature we found that ■ ample* which 
adsorbed glycocyamlne contained SO to 40 per cent of water while those which caused 
no lorn contained only 15 to 20 per eent of water We then found that by drying with 
beat we could promptly make free hi y washed permutit suitable for use We have no 
explanation to offer as to why permutit in a greater state of hydration should adsorb 
glycocyamlne more readily than a tample of the aame reagent from which all but a small 
percentage of water has geen removed Oar experience* however emphasise the 
necessity of tea ting each lot of permutit with standard solutions before it Is adopted 
for u*« with unknown solutions Before we considered a sample of permutit suitable 
for u*e In our determinations it had to meet the triple requirement of quantitatively 
removing arginine and ammonia from a solution and of causing no loss of glycocyamlne 
when shaken with a standard solution of this substance 

At time* before we recognised what variable was responsible for our difficulties we 
found ourselves without a aatlsfactory lot of permutit available for use. On auch 
occasions we resorted to the procedure of removing ammonia by aeration of an alkaline 
solution Fortunately the first step in carrying out the Sakakuchl color teat Is to 
alfcaliniie the glycocyamlne solution by the addition of 1 ec of 10 per cent sodium 
hydroxide to 5 oc of solution By a seriea of testa using standard solutions of glyeo- 
cynmlne and also solutions containing both glycocyamlne and ammonium salts it was 
found that the ammonia could be removed leaving the glycocyamlne unchanged by a era 
tlon of the alkaliniied solution for 80 minutes in an apparatus similar to that described 
by FoDn and Farmer (10) Precautions were taken to avoid changes in the concen- 
tration of the solution either by tho introduction of water or by loes through evaporation 
during the aeration process In some of the urinary studies presented in this paper 
the aeration procea* was used in other permutit which met the criteria outlined above 
was employed. Both methods gave essentially the aame result*. On theoretical 
grounds however the permutit method Is preferable since traces of non-volatile Inter 
faring substance*, sueh as arginine or methyl guanidine would be removed by permutit 
but not by aeration 

In brief our adopted procedure was as follow* 

Five or 10 ce acidified urine were ahalren with 1 gram of Lloyd s reagent and the 
adsorbed glycocyamlne aobsequently elated by shaking with 7 ce. of a saturated sola 
tion of barium hydroxide The barium hydroxide solution containing the liberated 
glycocyamlne was combined with successive amali portions of wash water acidiflsd 
with sulphuric acid and mad* to a volume of 25 or 60 ce After making thl* solution 
alkaline to Congo red by the addition of solid basic lead carbonate It was centrifuged 
and the clear supernatant fluid treated by cme of the two method* described above for 
the removal of ammonia Color was then developed in 6 ce. aliquots of the ammonia 
free solution by the Sakakuchl reaction according to the procedure described in detail 
by Weber (10) The colors produced In the unknown solution* were read in a col or 1 me- 
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ter against the color similarly produced in a standard solution of glj cocyamme The 
standards usually required by the aliquots of urine used in our procedure were solutions 
containing either 0 026 or 0 050 mgm of glycocyamine in 5 cc Duplicate samples 
were always carried through the entire procedure The results of a small senes of 
recoveries of glycocj amine from pure solution and in unne by the procedures we have 
outlined are collected in table 2 

Creatine and creatinine were determined by the method of Folin (20) using recrys- 
talhsed picric acid (21) 


TABLE 2 

Recoveries of glycocyamine from pure solutions and from urine by various procedures 

described in paper 


OLTCOCYAimfX 


NATURE Of MATERIAL ANALYZED 

Mem. 
pr««nt 
in por 
tton 

analysed 

Mjm 
deter 
mined in 
portion 
analysed 

Percent 

recor 

ered 

REHA RIB 

Pure solution 

0 25 

0 23 

92 0 

Carried through entire pro 
cedure 

Pure solution 

0 25 

0 24 

96 0 

Carried through entire pro- 
cedure 

Pure solution 

Glycocyamine solution + am- 

0 26 

0 23 

92 0 

Carried through entire pro 
cedure 

momum sulphate 
Glycocyamine solution 4- am- 

0 60 

0 48 

06 0 

Aeration method 

momum sulphate 

Unne A 

0 20 

0 20 

0 38 

100 0 

Permutit mothod 

Average of four determinations 

Unne A + glycocyamine 

0 48 

0 48 

100 0 

"Amount present” — 0 38 plus 
0 10 mgm added 

Urine A + glycocyamine 

0 48 

0 47 

98 0 

“Amount present” «=» 0 38 plus 
0 10 mgm added 

Unne A + glycocyamine 

Unne B 

Unne B 

Unne C 

Unne C 

Unne D (6 cc sample) 

Urine D (10 co sample) 

0 58 

0 58 

0 24 

0 25 

0 27 

0 27 

0 42 

0 81 

94 0 

“Amount present” * 0 38 plus 

0 20 mgm added 

Aeration method 

Permutit method 

Aeration method 

Permutit method 

Aeration method 

Aeration method 


The experimental subjects w ere two normal women and three patients 
with rather severe mj asthenia gravis Two of these patients (M 0 and 
W M G —cases 2 and 5 of our earlier paper (1)) had been receiving guani- 
dine medication for several months before our studies w ere earned out The 
third patient (E A) was a man who had been on prostigmine medication 
(18 tablets of 15 mgm each dailj ) for about a month He had ne\ er rccen cd 
guanidine medication until the present studies were made All the expen- 







TJMNABT EXCBETION Of QUANlDlNt 


135 


mental subjects were placed on a creatimne-free diet The urine was col 
lected m 24 hour specimens m bottles containing a email amount ol chloroform 
as preservative. All the chemical studies were made on the dav that the 

TABLE 3 


Vrinarf txtrtlwn of inf*tltd gvatndine hydrochloridt 


nmooHU mjrct 

*0 M 

or 

OTAJO- 

HCi 

ciicu 

UiTiD 

KMI 

•XCiWl 

enx <w 
»tn 

n»- 

ro»ux» 

C*m^TT 

xora 

nu 

TTW* 

•CTCO- 

CT 

MOT 

«u*jn 

c*x* 

nr 

earn 

m 

oner 

or 

OJLTLT 

Ml 

in 

o*»r* 




cc. 

r«»i 

r« « 


■f» 


Normal ■object, M K., weight 

0 

0 

1180 

1 22 

0 00 

20 

0 


48 kjni. 

500 

309 

1200 

1 24 

0 00 

21 

175 

57 


500 

309 

1000 

1 18 

0 00 

17 

188 

61 


WQ 

308 

1220 

1 15 

0 00 

17 

234 

76 


500 

309 

1380 

1 10 

0 00 

19 

203 

85 


0 

0 

1400 

1 24 

0 00 

22 

08 



0 

0 

1200 

1 15 

0 00 

18 

87 


Normal uubject, A. M. weight 

0 

0 

1100 

1 23 

0 02 

61 

0 


07 kgm. 

0 

0 

1170 

1 19 

0 00 

82 

0 



0 

0 

1600 

1 25 

0 00 

61 

0 



635 

388 

2000 

1 22 

0 00 

5S 

183 

47 


876 

232 

2190 

1 17 

0 00 

57 

107 

85 


825 

388 

1100 

1 23 

0 00 

75 

195 

51 


0 

0 

1000 

1 21 

0 00 

56 

120 


Myasthenia grarin M. 0 weight 

1375 

850 

2180 

1 20 

0 00 

83 

4.91 

58 

78 kgm. (had taken guanidine 

1375 

850 

2000 

1 23 

0 00 

53 

£01 

50 

at this rate for about a year) 

1375 

850 

1790 

1 *2 

0 00 

25 

653 

05 


1375 

850 

1920 

1 30 

0 00 

28 

608 

60 

Myaatbenia fraria, W Q M. 

1375 

850 

1720 

0 76 

0 00 

24 

413 

49 

weight 40 kgm (had taken 

1375 

850 

1940 

0 79 

0 00 

50 

454 

53 

guanidine at thla rate about 

1375 

850 

1680 

0 60 

0 00 

25 

405 

48 

■lx montha) 

1375 

850 

2040 

0 72 

0 00 

31 

428 

50 

Myaatbenia gratia, E. A., weight 

0 

0 

1000 

1 18 

0 00 

18 

None 


70 kgm. (itarting guanidine 

0 

0 

500 

0 73 

0 00 

13 

None 


medication for the ffrtt time) 

1500 

238 

1010 

L02 

0 00 

17 

299 

32 


1500 

033 

800 

0 

0 08 

13 

384 

39 


1875 

1172 

900 

0 S3 

0 00 

IS 

405 

35 


2250 

1408 

900 

0 84 

0 00 

13 

677 

41 


2825 

1641 

1000 

0 91 

0 00 

.6 

740 

45 


24 hour collection was completed. The two older patients continued to take 
their regular required and well tolerated doses throughout the experimental 
period The third patient took varying and increasing doses as we attempted 
to determine his tolerance and his most satisfactory maintenance dose of 
the drug The two normal subjects took the smaller daily doses of guanidine 
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which they could tolerate without the production of significant symptoms 
of intoxication The data obtained are presented in table 3 

DISCUSSION OF EXPERIMENTAL RESULTS 

It is evident from our data that the greater tolerance of patients for guani- 
dine hydrochloride cannot be explained on the basis of a more rapid or com- 
plete excretion of the drug than that observed in normal individuals 
Roughly similar percentages (usually between 40 and 60 per cent) of the daily 
dose were excreted by all the experimental subjects Prom this small senes 
of observations one gets the impression that even larger percentages of the 
ingested guanidine rem ai n unaccounted for m patients than m the two 
normal individuals This tendency, which might well not be borne out by 
more extended studies, is most strongly suggested in the patient E H who 
was receiving guanidine for the first time Regardless of the possible signifi- 
cance of any difference m the percentage excreted, if one considers the daily 
doses of guanidine ingested a far greater total amount remains unaccounted 
for in the patients than m the normal women When it is further considered 
that two of these patients had taken these same daily doses of guanidine for 
months before the urinary studies were made and have continued to take 
similar amounts for months since that time, their ability to do something 
with guanidine other than to excrete it unchanged becomes even more 
impressive 

Some guanidine is probably retamed for a time unchanged in the body 
In accord with this assumption is the continued excretion of considerable 
amounts for a day or two after administration had ceased in the two normal 
subjects Most of this must have been held in the tissues since no significant 
elevation of guanidine in the blood resulted from the amounts administered 
It is, however, inconceivable that storage of unchanged guanidine in the body 
at this rate could go on for months of continued medication One is forced 
rather to conclude that much of the dose ingested by patients is being trans- 
formed to some other compound 

Our studies presented here fail to throw any hght on the problem of what 
substances may be formed from guanidine There was no increase in the 
urinary output of creatine or glycocyamine following guanidine administra- 
tion None of the subjects had any significant creatinuna at any time during 
the observation period The figures for glycocyamine are m the range re- 
ported by Weber (22, 23) for normal adults and are in accord with his finding 
that women have a somewhat larger daily excretion of thiB constituent than 
men Our negative results are in no sense a proof that guanidine may not 
have been transformed into glycocyamine and creatine and retamed in the 
body The data presented simply show that guanidine not excreted 
unchanged does not promptly appear in the urine as either creatine or 
glycocyamine 



UR IN ART EXCTUTT I ON or GUANIDINE 


137 


BUHUAET AND CONCLUSIONS 

Procedures, hare been described -which give satisfactory recoveries of 
guanidine and glycocyamlne (guamdo acetic acid) added to unne. 

Studies of the urinary excretion of guanidine, glycocyamine, creatine and 
creatinine of three patients with myasthenia gravis treated with guanidine 
hydrochloride and of two normal women receiving smaller dally doses of 
the same drug lead to the following conclusions 
The greater tolerance of persons with myaatheriia gravis for guanidine 
hydrochloride cannot be explained on the simple basis of a more rapid excre- 
tion of the drug Both patients and controls excrete in the neighborhood of 
40 to GO per cent of the daily ingested dose of guanidine unchanged in 
the unne 

The ingestion of tolerated doses of guanidine does not lead to increased 
urinary excretion of either creatme or glycocyamine by normal persons or 
by patients with myasthenia gravis. 
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The toxicology of sulfathiazole, 2(p-amino-benzene-sulfonamido) thiazole, 
has been investigated both m laboratory animals and in man in view of its 
probable importance in the treatment of lymphogranuloma venereum, gonor- 
rhea, and infections of the gemto-unnary tract, as well as those caused by 
pneumococci, staphylococci, and streptococci These observations have been 
extended in the present communication to include comparisons of sulfa- 
tbiazole with analogues such as sulfapyndine and sulfamethylthiazole with 
respect to acute lethal action, chronic toxic effects, and behavior after absorp- 
tion from the gastro-mtestmal tract has occurred In addition, the acute 
lethal action of sulfanilamide, sulfaethylthiazole, and sulfaphenylthiazole 
has been determined 

A COMPARISON OF THE MEDIAN LETHAL DOSES OF SULFANILAMIDE, 
SULFATHIAZOLE, AND ANALOGUES OF SULFATHIAZOLE 

A considerable number of experiments was performed to determine the 
acute lethal effects of a single dose of sulfanilamide, sulfathiazole, or deriva- 
tives of sulfathiazole administered subcutaneously as the soluble sodium salt 
to Swiss mice The data of these acute toxicity experiments are summarized 
in table 1 In the table, the dosages of each drug m terms of the free acids 
have been arranged m an ascending order The order in which the experi- 
ments were performed is shown bj the order of the lettering of the expen- 
mental groups Thus, in a given experimental group, two to four drugs 
were tested with a large homogeneous batch of mice and each drug a as 
given at one, two, or m some instances three dose levels For example, in 
Experiment E sulfathiazole and its three derivatives were each tested at 
three dose levels 1 Although there was rarely any death after 48 hours, all 
observations were completed only after 72 hours had elapsed The most 
erratic results were obtained in groups of mice receiving sulfnphenylthiazole 
Na, from which recovery might or might not slowly take place after a long 
penod of coma 

• Only the lowest dose causing 100 per cent mortality is recorded in tablo 1 There- 
fore all results of Expenment E, for example, will not be found in this table 
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TABLE 1 

Toxicity of tulfamlamtdt ntlfalAiaioic or drriroiita of nifaikicxol* odmiiwaiered a* a 
tingit rubcvtantOHS do** of todtum tall to 8mu mice 


MDT 

•JWBf 

■Vint* 

or 

wn 


DOU* 


CliCVL^rtD L-Djtj* 
AXD U. CT l_»>3 




r**i 

Vtrtf*. 

fwtrmi 

framJ ftr ifm. 

c 

25 

Bolfathiaaole Na 

1 00 

24 


E 

20 

SolfatHaaole Na 

1 00 

20 


B 

25 

Bulfathiasole Na 

1 25 

» 


D 

25 

SolfathiaioJe N& 

1 25 

40 


E 

20 

Bulfsthiaaole Na 

1 33 

35 


F 

20 

Sulfathlarole Na 

1 33 

50 

1 320 ±0 035 

G 

20 

Sulfsthlaaoio Na 

1 40 

50 


II 

20 

Bulfathiaaole Na 

1 40 

55 


A 

25 

Sulfathlaiole Na 

1 50 

72 


E 

20 

Sulfathiajole Na 

1 67 

70 


F 

20 

Sulfailiiaiole Na 

1 67 

80 


E 

20 

Sulfamethylthlaiole Na 

0 69 

6 


0 

25 

Bulfamethylthiaiole Na 

0 70 

82 


D 

25 

Balfamethylthiaiole Na 

0 00 ] 

36 

0 885 ±0 021 

E 

20 

8ulfam«thyltliUxole Na 

0 05 

75 


E 

20 

8ulfamethyl£bla*ole Na 

1 21 

100 


F 

20 

Sulfaethyltbiaiole Na 

0 17 

5 


G 

20 

SulfaethyltMajole Na 
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100 
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Sulfanilamide Na 
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20 

Sulfanflamlde Na 
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60 

2 314 ±0 044 

H 

20 

Sulfanilamide Na 

2 70 

00 



23 

Sulfapyridine Na 

0 60 

4 



30 

Sulfapyndine Na 

0 75 

17 

0 807 f±0 079 


30 

Sulfapyridine Na 

1 00 




Am free acids. 


t Calculated from the data of van Dyke, Greep IUfce and McKee (2) 
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The last column of table 1 showB the median lethal doses (L D 50) of the 
drugs calculated as free acids and the standard errors of these doses Both 
values were estimated by the method of Bliss (1) Sulfathiazole Na, while 
by these tests much more toxic than sulfanilamide Na, is considerably less 
toxic than sulfapyndine Na or the other sulfathiazole analogues The acute 
lethal action of sulfamethylthiazole Na is not significantly different from 
that of sulfapyndine Na Of particular interest is the unexpectedly high 
toxicity of sulfaethylthiazole Na m comparison with the methyl and phenyl 
denvatives For a comparison of these drugs on a molecular basis, the 
median lethal doses of the Na salts are expressed m figure 1 m millimols per 
kilogram of body weight of mouse The standard errors of these values 
similarly expressed can be calculated from table 1 



Fro 1 Median Lethal Doses (L D 60) op Various Sdwonaiiides in Mice Based 
upon the Results Suuuabized in Table 1 

THE EFFECTS OF LONG-CONTINT7ED ADMINISTRATION OF SULFATHIAZOLE, 
BULFAMETHYLTHIAZOLE, OR SULFAPYRIDINE 

The effects of repeated doses of sulfathiazole, sulfamethylthiazole, and 
sulfapyndine as the free acids were studied in rats Groups of young rats 
(Long-Evans strain, 7 males and 7 females m each group) were fed diets 
containing 0 5 or 1 0 per cent of the drugs for a penod of 50 days The con- 
sumption of food and drug was not measured throughout the entire experi- 
ment, but was determined twice at an interval of five weeks for ponods of 
three days each After the rats had been on the diets for 10 days and were 
then 40 days old, the average amounts of drug eaten per kilogram body 
weight per 24 hours were 0 61 grams for 0 5 per cent sulfathiazole, 1 17 grams 
for 1 per cent sulfathiazole, 0 55 grams for 0 5 per cent sulfapyndine, 1 18 
grams for 1 per cent sulfapyndine, 0 61 grams for 0 5 per cent sulfamethyl- 
thiazole and 1 23 grams for 1 per cent sulfamethylthiazole Five weeks 
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later the consumptions of drug, expressed as above, were 0 45 grams for 
0.5 per cent sul/athiaiole 1 03 grams for 1 per cent sulfathlaxole, 0 43 grams 
for 0.5 per cent sulfapyridine, 0 95 grams for 1 per cent sulfapyridine, and 
0.52 grams for 0 5 per cent Bulfamethylthiaxole. 1 

The weight curves of the male animals are shown in figure 2 and demon- 
strate distinctly that at the 1 0 per cent level eulfathiaxole was the least 
toxic and sulfamethylthuixolo the most toxic of these drugs. Although at 



Fia 2. Ba Amo Text 

this level sulfapyridine was much more toxic than eulfathiaxole there was 
no difference between these two at the 0.5 per cent level but sul/am ethyl 
thiaxole possibly was again the most toxic In our first report (2) a figure 
illustrated the effects of the addition of 0 6 or 1 0 per cent eulfathiaxole or 
sulfapyridine on the growth curves of female rata Experiments in male 
rats while yielding comparable results, were not satisfactory because a sudden 
unexplained loss of weight m control a n i m als and in those receiving sulfa 

* No value for 1 per cent ■ulfamethyithiuole ia given hero llnce there vw greet verie 
lion in food eonfomption among the three t nlm i H ■urrivtng from a group o! 14 
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thiazole occurred m the middle of the experimental penod The results 
obtained m similar experiments repeated in female rats were like those first 
reported in that the rate of growth of female rats receiving 0 5 per cent 
sulfathiazole was only slightly lower than that of the controls and the growth 
rate of female a nimal s receiving 1 0 per cent sulfathiazole was similar to that 
of females on a diet of 0 5 per cent sulfapyndine (or 0 5 per cent sulfamethyl- 
thmzole) The slowest growth rate of female rats was observed when 1 0 
per cent sulfamethylthiazole was fed It is possible that in growing male 
rats on a diet containing 0 5 per cent of drug, sulfathiazole is more toxic 
than m growing females At the 1 0 per cent level m either sex, the order 
of deleterious effect on growth is sulfamethy lthiazole > sulfapyndine > 
sulfathiazole 

No deaths among the male or female animals occurred at the 0 5 per cent 
level However, at the higher lev el only 1 of 7 female and 2 of 7 male animals 
receiving sulfamethylthiazole survived, whereas no deaths attnbutable to 
the drugs occurred in either the sulfathiazole or sulfapyndine groups (A few 
animals died acutely when heart punctures were performed to secure blood 
for quantitative analyses of drugs, this occurred in 2 male rats receiving the 
1 per cent sulfathiazole diet) 

At the end of the experiment in which the chronic toxic effects of the three 
drugs were studied, all the rats were killed after blood had been removed 
for estimating the concentration of drugs present and for making blood smears 
The gross appearance of the important organs was examined and the only 
important pathological changes were found m the kidneys, ureters, and blad- 
der and in the spleen. Portions of the liver, kidneys, and spleen of each 
animal were fixed for microscopic study 

No gross or microscopic changes which could be attributed to drug were found in the 
livers of any of the experimental rats The spleens of all animals were normal except 
those receiving the diet containing 1 0 per cent sulfametbylthmxole Only three of 
these rats survived the whole experimental period and in these the spleens were normal- 
in all the others the changes resembled those found in mice receiving a diet containing 
sulfathiazole (3) The spleens were commonly atrophic Microscopically there was 
a reduction or disappearance of the germinal centers of the malpighian bodies with an 
accompanying loss of lymphocytes from the mantle and marginal zones Occasionally 
the cellB of the red pulp also disappeared and bttle but supporting tissue remained 

Pathological changes m the kidneyB or concretions m the ureters or bladder, cither 
separately or together, were found in all groups except control anim als The fre- 
quency of concretions was highest in rats receiving sulfamethylthiazole (94 per cent 
of 16 rats), intermediate in the rats on sulfapyndine (43 per cent of 28 rats), and lowest 
in rats on sulfathiazole (28 per cent of 24 rats) * There was a significantly greater 
incidence of concretions in rats receiving sulfamethylthiazole than in those on diets 
containing the other drugs, among the latter thefe was no statistically significant di - 
ference m incidence The frequency of such lesions was the same whether the die 
contained 0 5 per cent or 1 0 per cent of drug Pathological changes in the kidney were 

• All rats on which necropsies could be performed, including those not surviving 
until the end of the experiment, are listed 
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rarely pr es ent union ***oei&t*d with grossly visible concretion* in the kidney*, ureter* 
or bladder (The exception* were one r»t receiving 1 0 per cent *alf»thl**ole diet and 
another rat receiving 1J) per cent aulfapyridine diet ) On the other hand, among 34 
animal* in which concretion* were found, renal lemon* were present in 25 but abaant 
in 9 The principal renal abnormal! tie* were hydronephroai* with varying degree* of 
detraction of the renal parenchyma, tubular dilatation the pretence of cut* cellular 
d#hm or rarely of blood in the tnbulee, and area* of leukocytic infiltration about aome 
dilated tubules which appeared ccnce to have contained crystalline material 

Differential white cell count* were made on all animal* at the eoncluaion of the experi- 
ment and little or no difference in the blood picture among the animal* receiving rulfa- 
thiaxole, aulfapyridine and sulfamethylthlaxole at the 0.6 per cent level waa found. 
The dijtri button of leukocyte* In the blood of animal* receiving eulfathiaxole at * 1 0 
per cent level in the diet wa* likewiae similar to that of normal rat* In rata on a 1 0 
per cent rjlfapyridine diet the percentage of nentrophJlea wa* 27 0 per cant (normal 
17.1 per cent) and the percentage of lymphocyte* wa* 70 4 per oent (normal, 81 0 per 
cent) A more marked change in the same direction wa* observed in rata on a diet of 
1.0 per cent sulfamethylthlaiole. Of the total leukocyte* 44,3 per cent were neutro- 
phil* and only 54.0 per cent were lymphocyte*. Since eircumatanc** did not permit 
the making of count* of the number of leukocyte* per cram, of blood it it not possible 
to rtate whether the observed change* were in the proportion or in the ah*olute number 
of neutrophlle* or lymphocyte* In our earlier experiment* (3) no effect* of rul fa 
thiaiole or aulfapyridine on the blood count* Including differential count*, oould b* 
demonstrated. 

OBSERVATIONS ON THE METABOLISM OT SULFATHXAXOLB, 

BTTLF AMETHYLTHIAX OLE, OB STJLFAPYBiDINE 

Observations comparing the metabolism of sulfapyndine and sulfatluaxolo 
were recorded in our first report (2) These studies indicated that sulfa 
thiaiole is more rapidly metabolized and undergoes less conjugation than 
sulfapyndine. Further data on blood levels and urinary excretion after the 
oral administration of sulfathiaxole sulfamcthylthiasole, or sulfapyndmo to 
rate have been gathered and are presented here The determinations were 
made by the method of Bratton and Marshall (4) A Pul/nch photometer 
was used for the final estimations m which filter 855 was employed Stand 
ardixatkm curves of each drug were made from pure samples 

In the course of the experiment testing the tone effects of the three drugs 
incorporated in the food on the rate of growth of rats, it was planned to secure 
quantitative estimates of drugs in the blood of individual rata bled simul- 
taneously from the heart at different hours in tho day It was anticipated 
that variations might be considerable and if large, would be related to duimal 
periods of greatest food consumption Accordingly determinations of the 
food consumption of adult rats similar to the experiments of Litchfield, White, 
and Marshall (6) m mice were made without however mixing any drug 
with the food. Six rats were kept in individual cages permitting the quantita 
live determination of the consumption of the stock diet. 4 Consistent results 

* The *tock-diet ti*ed eon*i*ted of yellow corn, 30 per cent whole wheat, 29 per cent 
whole milk powdw 21 per cent me*t*crap 10 per cent lLn*e*dme*l 7 per cent alfalf*, 
2 per cent cod liver oil 1 per cent. 
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were not obtained until the third day, careful measurements were then made 
for 4 days The results, which are illustrated m figure 3, represent the mean 
food consumption of 24 individual twenty-four hour periods Our results 
in rats resemble those of Litchfield, White, and Marshall in mice in showing 
that both rodents consume the greater part of their food at night and eat 
least in the forenoon However, the maximum rate of food consumption in 
rats was found m the periods 8 p m to midnight and midnight to 4 a m , 
whereas in mice (5) the maximum rate was considered to fall between 9pm 
and lam 

Blood was secured at various hours of the day and night from the heart of 
rats receiving the diet containing a drug m the chrome intoxication experi- 
ment Because of an occasional death owing to the puncture and because 
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Fio 3 The Consumption of Food bt Rats ab Meabuked at Inter* aw of 4 Hoots 

of the poor condition of certain animals (e g , rats on a diet of 1 per cent 
sulfamethylthiazole), attempts to gather adequate data were abandoned 
However, what results were obtained (six individual determinations dunng 
a twenty-four hour day in each of the 6 groups) suggested that 1, peak blood- 
levels would be found generally between 11pm and 9am and S, the blood- 
concentration of sulfathiazole, at a given drug level in the diet, would be the 
lowest whereas that of sulfamethylthiazole would equal or excel that of 
sulfapyndme Minimum levels of free drug in blood commonlj occurred at 
4pm but might be present as early as 11 a m (Between 11am and 4pm 
no blood was collected ) 

Each rat was also bled before necropsy was performed at the end of the 
experiment designed to test the chronic toxic effects of the drugs, and the 
concentration of free and conjugated drug m the blood was determined The 
results are summarized m table 2 The blood samples were all collected 
between 10 and 11 30 a m , at a time when the concentrations of the drugs 
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should bo falling Comparing the mean concentrations of the drugs m the 
blood at the 0 6 and 1 0 per cent levels in the food one may see that the 
concentration of free or conjugated sulfopyrldme was about twice that of 
sulfathiaxole and that the concentration of free sulfamcthylthraxole was 
significantly higher than that of free sulfapyndine (We have no explanation 
to offer for the low level of conjugated sulfamethylthiasole m rats on the 
0 5 per cent diet) The lower blood-levels of sulfathiaxole in these rats 
suggests that either 1 sulfathiaxole Is excreted at a more rapid rate or £ this 
drug Is absorbed leas adequately than the other two The fact that the pro- 
portion of sulfat hia xole in conjugated form resembles that of eulfapyridlne 
at comparable blood levels suggests that either (A) when the blood level is 
falling, this occurs more rapidly for free sulfathiaxole than for free sulfa 


* TABLE 2 

Tk « Itminal concsntraiion of frt* and eonjugaltd drug t» Ou Hood of nit of hoik ttxet 
consuming food containing drug for 50 days 
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>n< n< blood 


Tim 
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Solfspyridirxi 

0 6 

14 

4 38 dbO 62 

M/m. pm- c m 

2 62 ±0 10 

SuICapyridine 

I 0 

14 

0 81 ±0 63 

4 71 ±0 31 

SuUstbUxolo 

0 6 

14 

2 37 ±0 23 

1 20 ±0 17 

8ulfath!nole 

I 0 

11 

4 36 ±0 42 

2 48 ±0 80 

8uIf»methyIthl*iolft 

0 5 

8 

5 63 ±0 44 

0 00 ±0 27 

8 alf in e thyl thiaxol e 

1 o 

8 

10 80 ±0 25 

4 60 ±0 60 


pyndlne and, consequently, more of the leas readily excreted conjugated 
sulfathiaxole is found m the blood than would be the case earlier or (B) there 
is no important difference in the degrees to which sulfathiaxole and sulfa 
pyndine undergo conjugation. Hypothesis 1 accords with the overwhelming 
bulk of available data. Hypothesis (X) would explain the generally accepted 
conclusion that in mammals which conjugate sulfonamides, with the exception 
of the rabbit receiving the drug orally sulfapyndine is usually conjugated 
to a greater extent than sulfathiaxole. 

To extend the observations on the metabolism of sulfathiaxole and sulfa 
pyndine 5 rats each received 0.513 or 0 500 gram per kilogram of free acid 
suspended m gum acacia solution as a single daily dose by stomach tube for 
10 days. The rats, of the Long Evans strain were all adult males. They 
were kept in individual metabolism cages on the stock-diet. Any animals 
in which diarrhea appeared were excluded. The urine was carefully collected 
each day and the total daily excretion of free and conjugated drug was deter 
mined Typical observations in two of the rats are shown m figure 4 All 
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the data are summarized in table 3 A total of 50 twenty-four hour periods 
js represented by each group Averages for individual rats were first deter- 
mined and the mean of these at erages was calculated as a basis for estimating 
the standard errors recorded in table 3 If Fisher’s well known method of 
paired comparisons is used to calculate the probability that as great varia- 



Day 

Fig 4 The Total Urpiaiiy Excretion of Free and Conjugated Drugs Compared i - . 
Tttical Expebimevts in Individual Rats 
The drugs were administered once dail\ b\ stomach tube The firet dose was given 
when the collection of the 24 hour urine of day 1 was begun and the last dose when the 
collection of urine on da} 10 was begun 

tions m the excretions of either free or conjugated drug might occur by chance, 
the probability m both instances is less than 0 01 From these data it appears 
warranted to conclude that (7) over a period of 24 hours approximately equal 
total amounts of single doses of sulfatbiazole or sulfapyndmc are absorbed 
b> rats if the kidneys are considered to be the only important channel of 
excretion and (II) about twice os much sulfap\ndine as sulfathmzole under- 
goes conjugation These experimental results do not contradict hypothesis 1 
and agree with hypothesis (A) 
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A few experiments were also performed in rabbits in on attempt to compare 
sulfapyndine and sulfathmxole when the blooddei’ela of the drugs were com- 
parable. An aqueous suspension of sulfapyndine or sulfathiaxolo was injected 
mtrapen toneally mto 2 rabbits dally for 10 days. The dose of sulfapyndine 
given once dally was 0 76 to 1 0 grams per kilogram, while that of sulfa 
thiaxole was 1 0 to 1 25 grams per kilogram. The averages of 28 blood 
concentrations rev ealcd little difference between the 2 drugs in total amount 
of drug but the amount of conjugated sulfapyndme was 66 per cent of the 
total (9 OS mgm. per cent total) as compared to 61 per cent for conjugated 
sulfathiaxolo (9 06 mgm per cent total drug in blood) In a si mi lar expen 
ment with 8 rabbita receiving sulfapyndine or sulfathlaxole at doeea of 1 0 
*nd 1 1 grams por kilo for 3 days the amount of conjugated drug m the blood 
was found to be 69 per cent of the total sulfapyridine and 28 per cent of the 
total sulfathioxole in the blood. In the latter experiment the total amount 


TABLE 8 

The rxcrtilon of tulfapyridin* and *ulfathia»ol« by rat* to stack daily oral dot** wro 
adwnniilertd for 10 day • 
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44 0 ±4 0 

Sulfathiaiole 

5 

251 8 ±8 0 

EX 


54 6 ±1 7 
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of sulfapyndme in the blood (13 4 mgm per cent) was 8 per cent greater 
than that of sulfathioxole Toxic symptoms appear in rabbits when high 
levels of conjugated sulfathmxole (36 to 46 mgm per cent) were found in 
the blood. These high levels of conjugated drug were not Included in the 
averages given above and were followed a day or two later, by the death of 
tho rabbits. Of the 6 rabbita which received sulfathlaxole there was one 
survival, whilo with sulfapyndme there was only one death Tho tone 
symptoms were similar to those reported by Marshall, Bratton White and 
Litchfield (6) 


DISCUSSION 

Marshall Bratton and Litchfield (7) clearly showed that senous errors 
in measurements of the acuto toxicity of sulfonamides may be introduced by 
failure to ensure absorption, as when the free acid of a drug like sulfapyndino 
is administered by stomach tube Accordingly in all determinations of acuto 
lethal action the soluble sodium salts were injected subcutaneously The 
data offered in this report confirm the earlier findings in this laboratory and 




146 


H A 'WALKER AND H B VAN DYKE 


the data are summarized m table 3 A total of 60 twenty -four hour periods 
is represented by each group Averages for individual rats were first deter- 
mined and the mean of these a\ erages w as calculated as a basis for estimating 
the standard errors recorded in table 3 If Fisher’s well known method of 
paired comparisons is used to calculate the probability that as great vana- 
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Fia 4 The Total Uwnabt Exchetion of Free and Conjugated Danes Compared in 
Typical Experiments in Individual Bats 
The drugs were administered once daily by Btomnch tube The first dose was gwcn 
when the collection of the 24 hour urine of day X was begun and the last doBe when tbc 
collection of unne on day 10 was begun 


tions in the excretions of either free or conjugated drug might occur by chance, 
the probability in both instances is less than 0 01 From these data it appears 
warranted to conclude that (/) over a period of 24 hours approximately era* 
total amounts of single doses of sulfathinzole or sulfapy ridme are absorbed 
bj rats if the kidneys are considered to be the only important channel o 
excretion and (II) about twice as much sulfapyndine as sulfathiazole un er " 
goes conjugation These experimental results do not contradict hy pothesis 
and agree with hy pothesis (A) 
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the mouse, monkey, and man (2, 8, 22, 23, 24) 1 The excretion of sulfa 
thunole likewise takes place at a more rapid rate than that of sulfapyridine 
However, in our experiments with rats the urine was collected only once m 
24 bouts thus obscuring a probable difference in the rate of absorption and 
excretion of the two drugs wtuch were administered only once daily by 
stomich tube over a period of 10 days It was found that the twenty four 
hour excretion of the two drugs was equal but that the proportion excreted 
m conjugated form was much lower m the case of sulfathiaxole. Therefore 
it appears that the rate of removal of free sulfathiaxole from the body is 
greater than that of eulfapyndme and that less of it undergoes conjugation. 
With long-continued administration of similarly distributed doses the blood 
level will be lower dose for dose in comparison with uulfapyndme. That 
the drug is conjugated to a less extent than sulfapyridine may not be reflected 
In the levels of free and conjugated drug in the blood 

SUMMARY 

The doses of the sodium salts of sulfanilamide, sulfapyridine sulfathiaxole, 
and certain analogues of sulfathiarole which after a single subcutaneous 
injection Into albino Swiss mice cause a mortality of 60 per cent, were, in 
terms of millimols per kilogram body weight, as follows sulfanilamide 13 46, 
sulfapyridine, 3.24 sulfathiaxole 6 18 sulfamcthylthiaxole, 3.29, sulfaothyl- 
thlaxole, 0.80 sulfaphenylthiaxole, 1.39 

The toxic effects of repeated dosoa of sulfapyridine sulfathiaxole and 
sulfamcthylthiaxole were compared by feeding each drug mixed with the food 
in concentrations of 0.6 and 1 0 per cent to groups of growing male and female 
rata for 60 days. The rate of growth, the effects on the liver kidneys, spleen, 
and leukocyte-distribution as well os the terminal blood-levels were all 
determined. Concretions and associated damage of the kidneys an increase 
in the percentage of neutrophflea m the blood, as well as interference with 
growth, were all most strikingly present as a result of the administration of 
sulfamcthylthiaxole. Onh sulfamcthylthiaxole caused lymphoid atrophy of 
the spleen in rats Sulfathiaxole caused no change in the distribution of 
leukocytes. In some mammals such as the mouse and rabbit, toxic symp- 
toms and accompanying pathological changes are more pronounced after the 
oral administration of repeated doees of sulfathiaxole than after eulfapyndme 
similarly administered (2 3 6) 

• Marshall Bratton White and Litchfield (6) hare observed that after oral xdmlnli 
tratlon to rabbits the proportion of conjugated drag In tho blood was greater for sulfa 
thlaxolo than for sulfapyridine However the total amount of sulfathiaxole In the 
blood ni much greater than that of sulfapyridine Our results show that with approxi 
mately equivalent amounts of total drug In the blood the proportion of drug con 
jugated was greater for lulfapyridlne 
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Additional metabolic experiments in rats indicated that after administra- 
tion by stomach tube, sulfathiazole and sulfapyndme were equally veil 
absorbed during the 24 hours following a single dose but that much less of 
the sulfathiazole underwent conjugation It is probable that free sulfa- 
thiazole is removed from the blood more rapidly than free sulfamothylth'azole 
or free sulfapyndme whereas conjugated drug is probably differently excreted 
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In view of the widespread interest experimental and clinical, m the action 
and uses of amines related to adrenaline and ephednno it is of fundamental 
importance that we have on understanding of how these compounds ore 
inactivated. It is primarily on this basis that we may ultimately explain 
and possibly anticipate the relative toxicity, duration of action determining 
factors In route of administration os well as certain side effects of these 
similar agents. 

"Die purpose of this reeearch has been to investigate the relationship of 
molecular configuration and substitution to the mode of enaymic inactivation 
of certain phenylpropyiamines. 


PROCIDURE 

The amines studied in this series were 
a. 0 -phenylpropylamine 
b 0 -phenylisopropylflmine (amphetamine) 
c 7 -phenyl propylamine 

d. a-methyl- 7 -phenylpropylamine 

e. ^-phenyl-^-hydroxyieopropanolainine (propadrine) 

f ^-phenyl-^-hydroxyiso propanol, methylamme (ephednne) 
g ^-( 4 -hydroxyphonyl) isopropyiamine (parednne) 
h. /3 (^-hydroxyphenyl) laopropylmethylamine 

u 0(4-hydroxyphenyl)-/MiydroxyisopTOpanol, methylamme (supnfen) 
j p(S 4-dihydroxyphenyI) isopropyiamine 

k. /3(S ^ -dihydro xjTDhenjiJ-^-bydroxyiso pro panolamine (cobefnn) 

The enxymes used were amine oxidase and phenol oxidase. 

Several methods have been described for the preparation of amine oxidase (1 2, 3) 
These differ considerably and sa yet no highly active purified preparation has been 
reported Since we were not as interested in the constitution of the enryroc or enxyme 
system itself as in its action on thoee amlnee a rather aim pie preparation sufficed f or 
our purposes. The liver from rabbits, rats or guinea pigs waa ground with powdered 
and an equal Tolume of M/4 phosphate buffer pH 7.M When the mixture was 
ground to an even consistency 2 volumes more of buffer were added and the bnd ground 
161 
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for 6 to 10 minutes longer This was then filtered through double layers of muslin 
The glass remaining in the filtrate was allowed to settle for 15 minutes and the remain- 
ing suspension removed by decantation This finely suspended extract constituted 
the eniyme preparation and was used immediately or allowed to stand at 0°C over 
night 

Phenol oxidase has been prepared in a more highly purified state by Keilin and 
Mann (4) from mushrooms, and by Kubowiti (6) from potatoes Extracts from tho 
potato were used since they seemed to have for our purposes the advantages of the 
more highly purified extracts plus simplicity of preparation Graubard and Nelson (6) 
also found the simpler extracts to be as satisfactory for Buch purposes as tho more highly 
purified eniyme In most of our experiments the potatoes wero peeled, ground first 
in a meat mincer and then in a mortar until finely mashed From the mash the juice 
was pressed through double layers of muslin This extract was allowed to stand IE 
minutes and then filtered by suction The filtrate was allowed to stand over night at 0* 
before being used, whereupon it retained but a minimum of residual Oi uptake These 
extracts retain most of their activity for over 72 hours 

The rate of reaction and the oxygen used m the oxidation of the compounds were 
measured by means of the Warburg apparatus The experiments using the Warburg 
type of respiromoter were in general arranged as follows 

1 6 cc amine oxidase or phenol oxidase 

0.3 cc M/4 buffer 

02 -co amine m M/16 buffer 

2 0 cc total volume 

In experiments where cyanide was used 0 1 cc of M/25 or M/16 NaCN plus 0 2 cc 
M/4 buffer were substituted for the 0 3 cc M/4 buffer The amines were all M/16 in 
terms of the organic ion Air was used as the source of oxygen except m an occasional 
experiment with the amine oxidase when Oi was substituted 

In some of the experiments slices of liver from young adult animalB were used 
Into the flasks was measured 1 8 cc Ringer phosphate buffer containing 0 2 per cent 
fresh gluoose to which was added 0 2 cc of the amine, M/16 Thcso tests wero con- 
ducted m the presence of Oi In all the experiments filter paper saturated with 10 per 
cent KOH was contamod m tho well of the flasks to absorb any COi given off 

Deamination of the compounds was measured by the following means Two 160 cc 
test tubes closed by 2 hole rubber stoppers were connected in senes by glass tubing 
This was done m such a manner that air drawn through the tubes could be used to bubblo 
through solutions contained in both tubes The first of the two tubes was clamped 
submerged to its run in a water bath designed to hold four units and maintained at 37'C 
The second tube remained outside the bath The first tube contained the eniyme prepa- 
ration, amine and buffer, the second contained 40 cc of N/20 HC1 Air drawn through 
the solution in the tube served to oxygenate and agitato the system The NHi given 
off during the reaction was drawn over into the HC1 in tho second tube Tho amount 
of NHj dissolved in the HCI was calculated by micro-titrating the excess HC1 with 
NaOH against methyl orange as an indicator The HCI and NaOH solutions were 
standardised against NaiCOi The bath rested on two electric hot plates which could 
be used to raise the temperature of the water at will 

Experiments were allowed to run for 18 hours at the end of which timo 6 cc of 10 
per cent NaOH were added to each tube in tho bath and the water brought up to 85' 
for 3 hours to distill over any NHj remaining in solution The tests and controls were 
set up in duplicate The difference in the averago titration values for tests and controls 
was used to calculate the amount of NH>, attributable to deamination 
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RESULTS 

Arrant oxidate 

Of the phenylpropylamines touted only thoso having the amino group on 
the terminal carbon atom of the aide chain were oxidatively deaminated in 
the pre s e n ce of amine oxidase This effect seems to be independent of the 
distance of the amine from the phenyl ring. These two observations may 
be illustrated by considering the three unsubetituted structural isomers 
/hphenylpropylamine (a) /9-phenyhsopropylamine (b), and -ypbenylpropyl 
amine (c) 



(a) (b) (<0 


Figure 1 illustrates the rate of reaction and Oi uptake of (a) and (o) as 
measured manom etnealiy over a penod of 3$ hours using the Warburg 
respirometer Ampbetamino (b) caused no increase m oxygen uptake over 
that of the controls. 

Pugh and Quastd (2) found that the presence of cyanide did not affect the 
activity of amine oxidase in the oxidation of tyramine or indolethylamine. 
Earlier PhD pot (7) had found that cyanide did not exhibit the oxidation of 
tyramine by liver and Bernhehn (8) observed that in the presence of cyanide 
the oxidation of tyramine resulted in an uptake of two atoms of oxygen 
In agreement with these earlier findings amine oxidase did activate the 
oxidation of both (a) and (c) in the presence of cyanide In preparations 
low in enxymo content one can beat demonstrate activity of the enxymo by 
inhibiting respiration of the preparation by the use of cyanide 
We have found that in the absence of cyanide the QOi of liver slices from 
rabbits, rats and guinea pigs is not significantly altered by the presence of 
either of theee two amines. If cyanide be added to check the normal respira- 
tion of the tissue slices, one can demonstrate the activity of the enxymo present 
in the slices. This is illustrated m figure 2. 

That the oxygen uptake resulted m deamination was demonstrated by the 
method described above. 'Iheso experiments were set up in duplicate as 
follows 

CMrtli TmU 

25 trim amLnc oxidaxe extract from rabbit 25 grama amine oxidase preparation 

liver 

20 cc. phosphate buffer M/20 pH 7.36 75 mgm amine dissolved In 20 ec. phos- 

phate buffer M/20 pH 7J55 
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The amount of ammonia recovered from three such experiments using 
75 mgm of y-phenylpropylamme sulfate was 7 10, 6 62 and 5 08 mgm This 
represents recoveries of 103, 96 and 87 per cent of the theoretical amount 
6 9 mgm of NH, 



Fio 1 The rate of reaction and oxygen uptake of equimolar concentrations (M/16) 
of T-phonjdpropylnmine (A) nnd 0 phonylpropylammo (B) sulfate activated by amino 
oxidase Buffered at pH 7 36, temperature - 38°C 



Fjg 2 (1) Respiration of guinea pig liver bIiccs (dry weight) in tho prcsenco of mr 
and M/250 cyanide (2 and 3) Increase in oxy gen uptako of tissue slices in the oxidation 
of 0 phcnylpropylamine and 7 -phcnylpropyl amine sulfate, M/16, in tho presence of 
cyanide M/250 


We did not obsen e an effect of the amine oxidase extracts on the p-hy droxt - 
phenylisopropylammes Wlien the 3, 4 dihydroxypheny hsopropy lamine de- 
nt atives were used ns substrates the only demonstrable effect ttas to inhibit 
the onset of autoxidation of the compound as compared with controls con- 
taining no extract, figure 3 The QOs of liver slices tins not altered by these 
compounds 
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Phenol oxidate 

E fleet of monohydne phenyl derwaltvet. In these experiments the phenol 
oxidase activated the oxidation of only those compounds having one or two 
hydroxyl groups on the benzene nng Propadrine (e) which differs from 



Fiq 3 Illustrating the Initial Inhibition by lirer extracts of the oxidation of cobefrin 
hydrochloride M/16 JA) as compared with the course of antocridation of the compound 
(B) Buffered at pH 7.8, temperature — 88*0. 



Fio 4. Tba effect of pH on the phenol oxidase acti ration of paredrine oxidation 
Pared line hydrobromide M/16 

parednne (g) m that the hydroxyl group is on the aide chain is not affected 
by the presence of the enxymo. 

Figure 4 shows the rate of reaction, 0* uptake and effect of pH on the 
oxidation of parednne (g) While a more precise attempt was not made to 
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determine the optimum pH at which the enzyme catalysed this oxidation it 
is apparent that the optimum lies near the pH 7 36 The reaction velocity 
is less from the start and falls off more rapidly with the extremes of pH 
studied 

Cyanide inhibited the catalytic action of the enzyme of both mono- and 
dihydroxy phenols This is m agreement with Keihn's observation (9) that 
10-’ M HCN inhibits the action of phenol oxidase 

The three sympathomimetics studied which may here be considered as 
substituted phenols were parednne (g), 0-(4hydroxyphenyl)isopropylmethyl- 
amine (h), and supnfen (i) 


CHi — CH — CHj 

\ 


NH, 


CHj — CH — CH» 
N— CH, 


OH 


0 

OH 


\ 

H 


Cg) 


(W 


y\~CHOH — CH — CHj 

^ \ 

N— CH, 

\ 

H 


OH 


(i) 


If compared with the velocity of reactions catalysed by amine oxidase, the 
rate of reaction of this system was relatively rapid However, the character 
of the side chain did influence the rate of reaction among these three, as is 
apparent from figure 5 

There is little appreciable difference in the reactions of the primary and 
secondary amines as may be seen However, where the side chain contains 
an hydroxyl group in the position beta to the amme as in (l) the initial rate 
of reaction is much slower than in the other two compounds While this 
is so, the duration of reaction is prolonged for several hours or until comple- 
tion at approximately the same oxygen uptake for equimolar concentrations 
of the compounds (fig 5) 

Though the initial oxidation is in the nng, part of the oxygen uptake is 
accountable for by deamination The reactivity of the amino group as well 
as the phenohc OH as influenced by addition of the hydroxyl group mto the 
side chain of the molecule must then be taken mto account The manner 
in which the polarization or electrical dissymmetry of a radical in one part 
of a molecule influences the molecular dipole moment of the compound is the 
basis for the interpretation of this observation 

It is generally agreed that the "polar effect” of a radical may be exerted 
partly by virtue of an electric field which acts directlj across space, or maj 
also be transmitted by a process of electrostatic induction from atom to atom, 
or bond to bond, within the molecule It follows that a dipolar group 
(as the OH in (i)i could influence the reaction velocity of the parent com- 
pound (h) Since the component dipoles are i cctor quantities the magnitude 
and sign of the resultant (of the orientation, sign, and magnitude of the 
moments) determine the extent the reaction velocity be accelerated or 
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retarded. The dipole moment and s ig n of a secondary ammo group sub- 
stituted on an aliphatic chain a approximately —1 00 X 10~ u e^.u , that 
for an ahphatic alcohol ia +1 67 X 10 -11 cj,u and for an aroma tio (OH) ia -f 



Fio 5 IUuitratin* the effect of the hydroxyl group on the oxidation reaction velocity 
of iuptifen 0) u eompami with tho*« of parednne (r) and p-hrdroxyphenylUoprupyf 
roethylamlne (h) Concentration of the amine* — M/lfl, pH 7J6. Temperature — 
S8*0, 



Fio 6 The cotuw erf reaeUon and oxygen uptake of a dlhydroxyphenoJ cobefrin (A) 
u compared with a rnonohydroxyphenol, paredrin (B) Concentration of the amine* — 
M/10 pH 7JW 

1 7 X 10~ u ej^u (10) The magnitude of the dipole moment induced m a 
chain of carbon atoms dimmish eg as the number of valency linkages increases. 
In a saturated chain the induction of polantj diminishes rapidly and ia 
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negligible after traversing about three bonds However, the transmission 
of an induced polarity diminishes much less rapidly through a conjugated 
cham such as would probably be present between the first carbon atom of 
the side cham and the fourth carbon atom on the aromatic ring Is the 
influence of the aliphatic hydroxyl group primarily to decrease the reactivity 
of the aromatic hydroxyl group, inhibiting then the formation of the ortho- 
dihydnc derivative, or does it primarily influence the deamination? We are 
of the opinion that while both reactions probably are involved the former 
is the more markedly influenced This point will be discussed below under 
the ortho-dihydnc phenyl derivatives 

As is illustrated in figures 4 and 6, when the oxidation of 0 2 cc of M/16 
parednne hydrobromide is completed under optimal conditions the oxygen 
equivalent is about 690 c mm Theoretically the O s uptake for 1 atom 
of Oj/mol of substrate = 139 c mm This would mean that 5 atom equiva- 
lents of oxygen were involved in the reaction To account for this oxygen 
uptake the following equation is presented 




Raper (11) and Evans and Raper (12) have shown that in the oxidation of 
tyrosine 3,4 dihydroxyphenylalanine is produced This is analagous 
to step 1 It has been amply' demonstrated that catechol and other ortho 
dihydncphenyl compounds are oxidized to ortho quinone derivatives in the 
course of the reaction (13), step 2 From the oxygen uptake it would appear 
likely that H : Os was formed in the course of the reaction Pugh reported 
(14) that the action of tyrosinase on a monohydroxy phenolic substrate is 
hastened by H-Os or a denvatrv e of catechol which gives rise to ortho quinone 
and HiOs This r61e of HiO- may partially' explain the fact that the purified 
enzymes of Keilin and Mann (4) and Kubowitz (5) oxidized monohydne 
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phenols either not at all or only after a latent period If there be but a single 
phenol oxidase, its most marked affinity is for the ortho dihydne phenols 
By itself the enxyme probably has little ability to initiate the oxidation of 
monohydne phenols, but once the process is started reaction products such 
as H 1 O 1 and the others mentioned catalyse the reaction Duo to these agents 
as at least trace components of our more simple preparations we did not 
encounter the initial Intent period 

To determine whether or not deamination occurred we used the distillation 
set-up described in the procedure In these experiments the tubes contained 
16 cc of the phenol oxidase extract to which was added 20 cc. M/20 phos- 
phate buffer pH 7, containing the amine The results of several experiments 
ore given In table 1 


TABLE 1 


Tkt domination of parodnns by pkmol oxiiau 
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jimotru 

UCOTZIID 

mot meu 
AMOxnrr NHi 

mcn-r 

nroniui 

HIM. 

m/m. 
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50 

0 90 

3 68 

28 3 

60 

1 48 

3 68 

10 3 1 

n 

2 18 

fi 49 

40 0 

75 

2 10 

5 49 

S3 3 

100 

1 07 

7 40 

15 0 

100 

1 52 

7 40 

20 6 


While these values are low they demonstrate definitely that deamination 
does take place steps S~4 It is probable that side reactions of the ammonia 
with aldehydes, for example are partially responsible for these low figures. 
One may conolude from these results that the ortho qrnnone formed on one 
part of the molecule of paredrine is capable of oxidising the amino group on 
the side chain to the corresponding muno form which in tom reacts with 
water, liberating ammonia and replacing the nitrogen with an atom of oxygen 
to form the corresponding ketone The ortho dlhydrto group is simol 
taneously oxidised again to the ortho qumone state (step 6) 

It is probable that ones the qumone is formed only one atom of oxygen 
per mol is necessary to maintain it in the oxidation-reduction system result 
ing in deamination of the side chain Evidence for this is the finding that if 
one starts with a 3 4 dihydroxy compound (cobefnn) analagous to the second 
step of the equation, 3 atoms of oxygen are used per mol of substrate Fig 
ure 0 shows the oxidation of cobefnn completed at an oxygen uptake of about 
426 cjnm. Theoretically the equivalent Oj uptake for 1 atom of Oj/mol of 
eubstrate — 137 ejnm. The atoms of oxygen per molecule of cobefnn 
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from the calculations are 3 This equation is not necessarily meant to 
include all possible steps in the reaction or the final products 
Ortho dihydnc phenyl derivatives The oxidation of the two 3,4 dihydrovj- 
phenybsopropylamines in the presence of phenol oxidase is similar to that 
for parednne Figure 6 compares the rate of reaction and 0» uptake for 
parednne and cobefnn equimolar It may* be noted that the reaction 
velocity of the two is similar The Oj uptake m atoms per mol of cobefnn 
is 3, indicating that it fits in with the oxidation scheme set forth in the equa- 
tions The reaction velocity for 3,4 dihydroxyphenylisopropylamme is only 
very slightly more rapid than for the corresponding 3,4 dihydroxyphenyliso- 
. propanolamme The two curves are almost supenmposable, consequently 
the one has been omitted This would indicate that the introduction of the 
ahphatic hj droxyl group does not materially influence the reactivity of the 
amino group Also, the ahphatic hydroxyl radical does not influence the 
oxidation of the ortho dihydne denvati ve How ever, in figure 5, tho reaction 
velocity of (b) 4-hydroxyphenylisopropylmethylamine is much greater than 
that of (i) 4-hydroxyphenyhsopropanolmethylamme. One must conclude, 
then, that the influence of introducing an aliphatic hydroxyl group into these 
compounds is primarily to retard the initial oxidation of the raonohydne 
denvatives to the corresponding ortho dihydroxyphenyhsopropylnmincs 


DISCUSSION 

A classification of the amines studied according to the results presented 
here would cause them to fall into three groups A Those which were 
oxidised m the presence of amme oxidase 



B Those whose oxidation was activated by phenol oxidase 
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C Those not oxidised directly by either enxyme system 



It proves interesting to examine certain literature concerning some of these 
agents in the light of the findings reported here. In 1929 Chen, \Yu and 
Hendrikscn (18) reported from an extensive study that the presence of a 
methyl group on the alpha carbon atom of /5-phenylethyiamine confers on 
that compound the ability to produce systemic effects in man when given 
orally as evidenced by ephednne and nor-ophodnne The following year 
basing their conclusions on clinical observations primarily, Piness, Miller 
and Allca (19) similarly reported that the addition of a methyl group on tho 
side chain of £-phenylethylamine was responsible for the duration of action 
and effectiveness of ephednne and amphetamine when administered orally 
These compounds fall into the third group C TTieae we found were not 
oxidised in tho presence of either amine oxidase or phenol oxidase 
We have recently reported that benzedrine (amphetamine) is excreted as 
such by the kidneys (20) Also Richter reported the excretion of ephednne 
following its administration (21) Again these two compounds belong to 
the group not inactivated by either system. 

Blaschko, Richter and Schloasman (8) have demonstrated the dlstnbu 
tion of amine oxidase in mammalian tissues including the gastrointestinal 
tract, and Bhagvat, Blaschko and Richter (22) have extended further the 
known distribution of the enzyme. Block (23) Pugh (24), Charles (26) and 
Charles and Rowles (20) have presented experimental evidence m support 
of the functional rAle of phenol oxidase in animals though recently Bhagvat 
and Richter (24) have questioned its significance 
There seems little doubt, then, that these and probably other such sys- 
tems are responsible for the determination of whether a sympathomimetic 
a m i n e should be given orally or injected to be effective physiologically 
Likewise the fact that certain phenylisoprepjdamines are excreted as such 
may be attributed in part to their refractoriness to enzymes which would 
completely inactivate closely related amines. 
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SUMMARY 

It has been shown that the inacti\ation of different sympathomimetic 
compounds by the action of amine oxidase or phenol oxidase is dependent on 
their molecular configuration 

Those phenylpropylammes having the ammo group on the terminal carbon 
atom of the side chain is ere oxidised m the presenco of amine oxidase and 
oxygen 

The compounds having one or tiso hydroxyl groups on the benzene nng 
were oxidised m the presence of phenol oxidase 

If the ammo group was on the carbon atom adjacent to the terminal one, 
and the molecule contamed no hydroxyl groups on the nng the compound 
was not inactivated by either system 

Evidence has been presented to support the concept that amine oxidase 
and phenol oxidase or similar systems determine the oral efficacy and the 
excretion of these chemicals, that is m general, the action and fate of these 
sympathomimetic amines in the body 
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About five years ago, Eddy and Howes (1) and Wnght and Barbour (2) 
suggested the possibility that diacetylmorphine might be partially deacety- 
lated after injection into the body This suggestion, based on the ease with 
which the phenohe acetyl 1 is removed chemically, was one explanation offered 
for the equal potency of monoacetylmorphine and diacetylmorphine as found 
in a study of the relationship between chemical structure and physiological 
activity of the acetylated morphine derivatives In view of this assumption 
it was of considerable interest to find, while investigating the effect of mor- 
phine and heroin on the activity of cholinesterase, that blood serum contains 
an enzyme capable of causing a rapid removal of the acetyl groups of heroin 
Consequently, the work was extended to mclude measurements of the rate 
of hydrolysis of diacetyldihydromorphine, monoacetylmorphine and mono- 
acetyldihydromorplune It was found that sera from different rabbits differ 
in their deacetylating ability when heroin, diacetyldihydromorphine and 
monoacetylmorphine were used as substrates, but no serum was found capable 
of deacetylating monoacetyldihjdromorphme 

METHODS 

Tho measurement!! of the rates of deacety lation were made w ith Barcrof t differential 
manometers in essentially the same manner that Ammon (3) measured choline esterase 
activity The mothod depends on a reaction of the liberated acotic acid with tho bicar 
bonate of the solution resulting in an evolution of carbOD dioxide which is measured 
manomctncally The manometer flasks, of approximately 17 cc capacity, had side 
arms whioh permitted the separation of the substrates from the serum until temperature 
and gaseous equilibria were attained The Balts of the morphine derivatives formed 
weakly acid solutions and therefore were usually placed m the main compartments of 
the flask, dissolved m tho bicarbonate Ringer's solution, so that tho liberation of carbon 
dioxide due to simple mixing might occur before the experimental ponod began The 
total fluid volume was always 3 0 cc but the quantity of solution in tho main vessel and 

1 A preliminary report of this work appeared in Science, 92, 244, 1940 

• For convenience, the acetyl radicals, replacing the hydrogen of the phenolic 
hydroxyl and alcoholic hydroxyl of morphine, will be called phenolic acetyl and alco- 
holic acetyl respectively 
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ride wmi wu varied to ault the purpose* of the experiment Determination* were made 
at 57.5*C and the bottle* were thoroughly fluahed with a water-saturated mixture of 
93 per cent nitrogen (or oxygen) and 6 per cent carbon dioxide. 

Blood (8 to 10 cc ) waa collected from the marginal ear vein of the rabbit allowed to 
clot and then placed in the refrigerator over night The following morning the aerum 
waa taken off and cmleaa perfectly clear waa centrifuged to throw out the red cella- The 
blood from the human aubject* waa collected from the median baaillc vein of the forearm 
and the aemm obtained aa from the rabbit blood 

The rabbi ta were all albino* of apparently the tame breed and were kept under tbe 
tamo conditions. They were fed pellet* of Purina rabbit chow and cabbage and were 
allowed free acoea* to water 

Cirmcal data 

The aeetylated morphine derivative* need In thla investigation aa well aa tbe follow 
Ing chemical description* of them were furniabed by Doctor L. F Small of the National 
Inatitnte of Health. 

H train No 1 DIace tylmorphlne waa prepared by acetylation of pure anhydrous 
morphine with acetic anhydride in boiling beniene, and recryitalllied from acetone 
ra.p 169 to 170 It waa converted to the hydrochloride in acetone by cautioua addition 
of alcoholic hydrogen chloride to positive Congo red reaction (Schwyxer Die Fabrika 
tlon dor Alkalolde pp 99 48 Springer Berlin 1927) The sal t melted at 227 to 229 
and abowed (a)? — 147J> in aqueous solution (e - 1.539) 

No 2 Anhydroa* morphine prepared from a highly purified aample of morphine 
aulfate having (a)£ — 9S.5 waa aeetylated with acetic anhydride in pyridine at room 
temperature (24 hour*) Acetic anhydride and pyridine were removed at 90 in a 
vacuum, and the diaeetyimarphln* waa precipitated with sodium bicarbonate solution 
and purified from ethyl acetate m p 170 to 171 (a)J — 166 4 (methanol c - 1 400) 
The hydrochloride waa prepared in acetone solution with alcoholic hydrogen chloride 
added in such amount that the solution never became add to litmus. Baae which waa 
not converted to salt remained in solution In the ace ton#, or waa removed in tbe subse- 
quent washing with absolute ether Analyai* showed the salt to be anhydrous It 
mtlted »t 230 to ZO‘ («)J - ISO (w»Ur t - 1 004) 

No. 8 On the assumption that local excess of add in the preparation of no 2 might 
have cauaed partial hydrolysis, a third procedure waa used Highly purified morphine 
(see no 2) waa converted to the hydrochloride which was recryitalllxed twice and 
dehydrated at 100 In a high vacuum. Tbe hydrochloride waa aeetylated in pyridine 
with acetic anhydride (48 hour*, room temperature) the solvent removed in a vacuum 
at 90 and the heroin precipitated by alow addition of absolute ether Tbe product 
waa dissolved in absolute alcohol at SO and waa twice precipitated with absolute ether 
It waa anhydrous, m p 243 to 244 (a)“ — 156.3 (water c — 1 044) 

It will be noted that with Increasingly gentle preparative procedure*, both melting 
point and specific rotation* of tbe products are progressively raised. 

DHydnAtroin, Anhydrous dlhydrcmorphine waa aeetylated with acetic anhydride 
in boiling beniene (8 hoora) The resulting diacetyl dibydromorphlne waa converted 
to the hydrochloride with alcoholic hydrogen chloride in acetone Tbe salt melted 
at 217* and had (a)" - 69J (water c - 1.203) 

Monoaceiftnorphins kvdroddoridt Dlacetylmorphlne In alcohol eolation, was 
treated with two equivalents of a concentrated aqueous solution of hydroxylamine 
hydrochloride. Tbe hydrochloride of moo o*ce tylmorphlne crystalllied out after short 
standing. It was purified by three cryitallixatione from water the salt contained 
12fi9 per cent water (about 2} H>0) m p 293* specific rotation (anhydrous) (<»)* — 153 
(water c •* 0 7) 
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Honoacelyldihydromorphine hydrochloride Prepared from diacctylihhydromorphme 
with hydroxylamme hydrochloride as desenbed above and punfied from 40 nor coni 
alcohol, (a)£ - 111 7° (water, o - 1 067) 

The data on the dencetylotion of heroin m this report, with the exception of tables 1 
and 2, were all obtained with heroin sample no 1 The other two samples of heroin 
were prepared m an attempt to explain the low yield of carbon dioxide discussed in the 
next section of the report 

RESULTS 

Figure 1 is a graphic presentation of one of the preliminary experiments 
earned out to test the effect of heroin on the activity of cholinesterase When 



Fio 1 The Rate of Htdrolibis of Heroin and Acetylcholine, Separately and in 
Combination, by Rabbit Serum 

The concentrations used were Acetylcholine 110 mpn , heroin 2 5 mgm and scrum 
0 25 cc in a total volume of 3 0 cc 

rabbit serum was added to acetylcholine alone carbon dioxide was liberated 
at a uniform rate for a period of two hours When 2 5 mgm of heroin was 
included with the acetylcholine, the rate of liberation of carbon dioxide was 
very rapid dunng the first 20 minutes and then closely parallelled the rate 
for acetylcholine alone Addition of serum to herom without acetylcholine 
showed that the initial rapid release of carbon dioxide was due to the deacety - 
lation of the herom The fact that the upper and lower cuncs run almost 
parallel after 30 minutes indicates that an exposure to herom has little if 
any inhibiting action on serum cholinesterase under the conditions of the ex- 
periment 
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Figure 2 shows the rate of deacetylation of heroin by flora from six rabbits, 
identified by numbers on this and all the graphs excepting figure 7 The 
rabbit sera fall into two groupe baaed on their deacetylating ability Bern 
from three of the animals (297, 294 and 277) deacetjdated heroin more rapidly 
and more completely than sera from the other three (275, 270 and 295) 
Closer inspection of the curves shows that the amount of COj liberated by 
the first group was almost exactly double that liberated by the second group 
There is also a rather sharp break m the upper three curves indicating two 
separate rates of deacetylation. It waa natural then to assume that three 



Fiq 2. Tan D imnns cE ix the Rate ajtd Exthjtt or HroEOi/raia or 
DuCTnTLiioHMUjrx bt fimu. mou fine Rabbits 
Each determination wu made with O.fi oc of serum acting on fi 0 m fft n of dl acetyl 
morphine (heroin) at 37.6*C The identification number* of the rabbit* are given on 
th® graph. 

of the rabbit sera (276 270 and 295) were able to remove but one acetyl 
group from dmcetylmorphine while the other three were able to split off both 
acetyls If the sera that were able to remove but one acetyl were acting onlj 
on the phenolic acetyl group (carbon-3) they should not be able to hydrolyie 
monoace tylmorphine. The sera from the other group of animals should 
however readily attack monoaoetyimorphine and remove the alcoholic acetyl 
radical (carbon-0) Consequently a series of determinations were made using 
monoacetylmorphmo as substrate instead of diacetylmorphme. 

Figure 3 shows that rabbits 297 294 and 277 were able to deacetylate 
monoacetylmorphme. The upper two curves represent the rate of hydrolysis 
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using 5 0 mgm of monoacetylmoiphine and 0 5 cc of serum The lower 
curve was obtained with 2 5 mgm of monoacetylmorphine and 05 cc of 
serum Under the same conditions the sera from animals numbered 275, 
276 and 295 were unable to deacetylate monoacetylmorphme It seemB clear 
then that those animals able to remove but one acetyl from heroin split off 
only the more labile phenohc acetyl group while the other three animals arc 
able to form acetic acid by hydrolysis at both the phenohc and alcoholic 
positions of the molecule 

Figure 4 (A and B) shows the rate of liberation of CO» from 5 0 mgm of 
diacetylmorphine in the presence of increasing concentrations of serum and 



Fig 3 Toe Deacettlatio'J or MoaoACtmMOBTmtw bt Rabbits 297, 294 and 277 
Animal* numbered 295, 275 and 276 (fig 1) did not bydrolyie monoacetylmorpUno 


(C and D) the rate and quantity of CO, liberated when increasing quantities 
of heroin are added to 0 5 cc of serum Comparable determinations hate 
been made using sera from the other four animals with similar results The 
rate of deacetylation increases rapidly with increasing serum concentration 
whether the hydrolysis is taking place at the 8-carbon (A) or at both the 3 
and 6 carbons (B) The quantity of CO, liberated, when hydrolysis bad 
ceased, is proportional to the amount of heroin added (C and D) and equal 
to 75 to 80 per cent of the theoretical amount for one acetyl group m the case 
of rabbit 276 and to 75 to 80 per cent of the theoretical for liberation of 
both acetyls when serum from rabbit 297 is used 
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Diicctyldihi’drcrmorphiiie differs from heroin m the loss of the double bond 
in the 7-8 position through hydrogenation. When this compound is used as 
a substrate, deacetylation takes place aa shown in figure 6 It is obvious 
that the rabbit sera fall again into two groups on the basis of the rate of 
hydrolysis but, unlike the results obtained with heroin (fig 2), the amount 



Fia 4 (A B) Tbe effect of serum concentration on the rate of hydrolysis of 5.0 
mam. of heroin (C D) The rate of hydrolysis of different quantities of heroic by 
Ojf cc. of serum. 

of CO i liberated is the same for all of the samples of sera and equivalent to 
86 to 90 per cent 1 of the theoretical for removal of one acetyl group 
The alcoholic acetyl of dlacety Idihydro morphine is quite stable chemically 
and it seemed highly probable that the eniyme was removing only the phenolic 
acetyl It was possible to test this by using monoacetyldihydromorphine 
which has only an alcoholic acetyl radical, as substrate. This compound was 

1 The higher value given in tbe preliminary report of this work (Science W 1940) 
was calculated from an incorrect value for tha molecular weight of the compound. 
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not hydrolyzed by sera from any of the rabbits, prolong that dihydrodiacety 1- 
morphine was deacetylated only at the phenolic position 
In order to investigate more carefully the low yield of carbon dioxide from 
the acetylated morphine derivatives, a senes of determinations was made, 
after recahbration of the apparatus and minor improvements m the technique, 
designed to give more precise measurements of the total carbon dioxide 
evolved For this work Doctor L F Small kmdly prepared samples 2 and 3 
of heroin as desenbed above 



Fig 5 The Rate of Removal of One Acetil Group from 

DlACETrUUirVDKOMORPHINE 

The identification number* of the rabbit* are indicated below the curves 6 0 mgra 
of diacetyldihydromorphine and 0 5 cc of rabbit serum were used for each deter- 
mination 

The manometers were calibrated by tipping an excess of HjSCh (0 5 cc 
of 0 07 N) from the side arm into the mam compartment of the manometer 
flash, containing an accurately made and measured sodium bicarbonate solu- 
tion A check of the calibration (table 1) was made preliminary to the 
measurements listed m table 2 and the loiter half of table 1 From the 
check determinations it is evident that the maximum variation of a single 
value from the average is within one per cent and the t anation of the average 
from the theoretical is negligible 

A portion of the discrepancy between the theoretical amount of CO and 
the actual values can be accounted for by the retention of COj by r serum (4, 5) 
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In order to measure this retention value, determinations were made of the 
liberation of C0» by a known quantity of acetic acid when added to an excess 
of sodium bicarbonate, as bicarbonate Ringer s solution (6) with and without 
added serum The results are given in the lower half of table 1 The first 
senea of values obtained by the addition of 0 0346 N acetic acid to 2.6 cc. 
of Ringer s solution, shows that only 97 per cent of the theoretical amount of 
carbon dioxide is liberated The addition of 0 4 0.5 or 0 0 cc. of the sa m e 
acetic acid to Ringer's solution plus 0 6 cc of rabbit serum liberated only 
87 5 per cent of the theoretical amount of carbon dioxide Thus, 3 per cent 
of the missing carbon dioxide can probably be attributed to incomplete 

TABLE 1 


Carbon diaxtdt formed from tedium bicarbonate by rulfunc acid 
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2 1 

0 5 
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(268-274) 

310 | 

87 5 


n tr*t«d with 0 100 N NnOB (pheaolphihnldn) the nettle scid wu 0 0345 norms! 


neutralisation of the acetio acid under the conditions of the experiments and 
an additional 10 per cent is retamed due to the presence of the serum. 

Baaed on tbe results presented in table 1 the yield of carbon dioxide from 
the deaeetylatkm of the acetylated morphine derivatives should be very 
nearly 87 per cent of the theoretical amount. The results of actual deter- 
mination of the COi evolved from heroin and dlaeetyldihydroinorphiiie in 
tho presence of 0 6 cc. of serum are given in table 2 The first four trials, 
using serum from a rabbit (206) that deacetylated only at the 3-carbon 
yielded on the average 70 per cent of the theoretical value. In the next 
group of nine determinations, using heroin sample 2 78 per cent of the theo- 
retical value was obtained In another group of 10 determinations using 
heroin sample 3 80.6 per cent of the theoretical amount of CO* was obtained 
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Under the same experimental conditions diacetyldihydromorphine liberated 
87 per cent of the theoretical quantity of CO? 

Since, as shown in table 1, acetic acid itself yields only 87 5 per cent of 
the theoretical amount of COi in the presence of 0 5 cc of serum, the libera- 
tion of acetic acid from diacetyldihydromorphine must have been complete 
The yield of acetic acid from heroin on the other hand falls short of the ex- 
pected value by 7 to U per cent depending on the sample of herom used and 
the activity of the serum Since 11 per cent is missing when a rabbit is used 

TABLE 2 


Carbon dioxide formed from todium bicarbonate by enzymatic deacetylatton of heroin and 

diacetyldihydromorphine 
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Dmcetyldihj dromorpfunet 

8 

297 

5 0 

0 6 

239 

(231-247) 

275 

87 0 | 


* Anhydrous diace tylmorpfune, molecular weight •> 405 64 
f Anhydrous diacetyldihydromorphine, molecular weight «■ 407 66 
j Serum from this animal removes hut one acetyl radical 
{ Sera from these animals remove both acetyl radicals 
Figures In parenthesis indicate s a m ple number of heroin 

that deacetylates only at the 3-carbon and 7 to 9 per cent when the serum 
deacetylatea at both the 3 and 6 carbons there is a possibility that a slight 
autohydrolysis takes place at the 3-carbon previous to the experimental 
determination of the COi 

Figure 6 shows the rate of deacctylation of herom and acetylcholine by sera 
from two human subjects While herom is deacetylated at a much slower 
rate than by rabbit sera, acetylcholine is hydroljzed at a greater rate as can 
be seen by comparison with figure 8 and from the results published by Hall 
and Lucas (7) Several other samples of human sera were tested and found 
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to have practically the same deacetylating ability as the examples given in 
figure 0 

Physaetigmine has a marked inhibiting action on the enzyme responsible 
for the hydrolysis of the acetj la ted morphine derivatives In the experiment 
shown (fig 7) the same concentrations of sera and substrate were used as m 
figures 2, 3 and 5 but in addition 0 1 mgm. of physostigmine was added to 
the total volume of 3 0 cc. Detectable inhibition can be obtained when as 
little as 0.001 mgm. of physostigmine u added previous to mixing the serum 
and substrate. 



Fig 6 Thh Rat* or Ducittutiok or Hutonr akd AcrmcHOLnni bt Nohual 
Huiujr Sejcum Ttxnt Two Subjects 

The enzyme is heat sensitive Subjecting the serum to 60°C for 6 minutes 
decreases its eniymatic activity and heating to that temperature for 30 
minutes almost completely destroys its hydrolyzing ability 
While sera from the rabbits investigated fall into two groups as regards 
their ability to hydrolyze the acetylated morphine compounds, there appears 
to be no such distinct difference m their ability to hydrolyze acetylcholine 
(fig. 8) As shown by the graph, when acetylcholine is used as substrate, tho 
rate of CO* production is very nearly the same on addition of serum from 
any one of the animals. Repetition of the determinations has shown that 
the concentration of cholinesterase varied but little over a period of weeks 




Fio 7 The Inhibitout Action of Phtsosxigiii.ve o?, the Esterase that Htdroltzes 

THE ACETTXHOBPinvES 

In each determination 0 5 cc of aerum and 0 10 mgm of physostigmine were added 
to a total lolamo of 3 0 cc 5 0 mgm of the acetvlated morphino indicated for each 
curve was added as a substrate Compare with rabbits numbered 237 and 295 of futures 
2, 3 and 5 



Mi n utes 

Fio 8 The Rate of Htdp.oltbis of Acettlchoune bt Sera from Rabbits 234, 296, 

297, 275 and 277 

Each determination was made with 0 25 cc of serum and 12 5 mgm of acetylcholine 
hydrochloride in a total volume of 3 0 cc 
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and the order of increasing concentration, for such slight differences as were 
found, was not the same order as given in figures 2 or 5 when heroin and diace- 
ty I dihydrom o rphui e were used as substrates. 

DISCUSSION 

The ability of serum to deacetylate some of the acetylated morphine deriva 
tives opens up a wide field for speculation and further work on possible changes 
that other morphine derivatives might undergo when introduced into the 
body It is obvious from the results presented that diacetylmorphme is in 
all probability converted to morphine on entering the blood stream of some 
rabbits and on the other hand, only to monoacetylmorphme in others. Then 
again, as preliminary experiments on the concentration of the ensymo in the 
tissues have already indicated the tissues of the animal may contain the 
ensyme essential for removal of the alcoholic acetyl group in which caao 
monoacetylmorphme would also be converted to morphine. It is a poesi 
bflity, at least, that the reduced morphines (desoxymorphines) or the oxidiicd 
morphines (dilaudid) are converted mto morphine in the body by means of 
oxidising or reducing enxyme systems Many of the differences in physio- 
logical activity noted among the morphine derivatives would then have to bo 
explained on a physical basis rather than on chemical structure exclusively 

It is well known (1 2 and references) that, by the usual methods of adminis- 
tration, heroin is a much more active drug than morphine as judged by the 
minimal effective doee necessary to elidt a given effect. It is also common 
knowledge that heroin has a high addiction liability’ If it is assumed that 
heroin is converted to morphine on entering the blood stream, as is suggested 
by the evidence presented here then these differences must bo due to differ 
enoes m the physical properties of the material originally injected. It was 
found in preliminary work that morphine salts were rapidly changed to the 
base and precipitated m solutions containing bicarbonate at the concentration 
found in Ringer's solution Heroin on the other hand was more soluble. The 
explanation of the difference In potency might rest on this factor at least as 
regards subcutaneous injections. The morphine is possibly precipitated in 
the presence of the bicarbonate of the tissues and feeds into the blood stream 
slowly while the more soluble heroin passes into the blood readily and after 
hydrolysis, is present as morphine in a relatively high concentration. Such 
an explanation is in line with the greater speed of action and short duration 
of action found for heroin and similar compounds, and suggested (8) as an 
explanation for their high addiction liability’ Comparison of the respiratory 
depressant and analgesic effectiveness of morphine and heroin injected 
intravenously in the minimal effective dose range would be interesting in 
this respect. Gulnnrd (0) and Mayor (10) found the lethal dose of morphine 
for the rabbit to be 6 to 10 times as great as that for heroin when injected 
intravenously Mayor injected mto the lateral ear vein at a rate of 12 mgm. 
per minute. Under such conditions there would be the possibility of a pre- 
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cipitation of the morphine and an incomplete deacetylation of the heroin 
By intracerebral injection of much smaller quantities (01 to 3 5 mgm ) 
Mayor's results (11) indicate that morphine is more toxic than heroin 
Ammon (12) has stated that inhibition by physostigmme in low concentra- 
tion is a specific test for cholinesterase By this criterion the enzyme 
responsible for hydrolj sis of the acetylated morphine derivatives is cholines- 
terase However, rabbit sera that have almost identical ability to hydrolyze 
acetylcholine (fig 8) differ from one another qualitatively in their capacity 
to deacetylate heroin (fig 2) and monoacetylmorphme (fig 3) and quantita- 
tively in ability to hydrolyze diacetyldihydromorphme (fig 6) The qualita- 
tive difference indicates the possible presence of two enzymes one of which 
may or may not be cholinesterase The fact that only three of the sera, 
out of six containing cholinesterase, are able to deacetylate monoacetyl-, 
morphine (fig 3) indicates that cholinesterase is not the enzyme responsible 
for removing the alcoholic acetyl radical On the other hand, the widely 
unequal rates of deacetylation of the phenolic acetyl when heroin or diacetyl- 
dihydromorphine are used as substrates indicates that cholinesterase is not 
the enzyme that removes the phenolic acetyl From the data at hand it 
might be tentatively concluded that two enzymes are involved in the hydroly- 
sis of the acetyl morphine derivatives neither of which is cholinesterase 
It is admitted that other explanations are possible and more definite conclu- 
, sions must await further work on the activity of the enzymes and comparisons 
3 with other esterases of the blood 

The explanation (1, 2) of the pharmacological similarity between diacetyl 
morphine and monoacetylmorphme, based on the assumption that the 
diacetylmorphme is converted to monoacetylmorphme in the body, is open 
to question in view of the work reported here It is more likely that the 
similarity is due to the fact that both substances are converted to morphine 
by deacctylating enzymes and both reach the sensitive tissues at the same 
rate and concentration 

The unexplained decrease m physiological activity (1, 2) brought about > 
through hydrogenation of diacetylmorphme and monoacetylmorphme might 
be explained by the fact that the hydrogenated compounds are not completely 
deacetylated by blood sera (or tissues so far investigated) Therefore these 
compounds are not readily converted to morphine in the body and act as 
dihydromonoacetylmorphme or are too slowly hydrolyzed to afford a high 
concentration of morphine 


SUMMARY 

The blood sera of rabbits contain an enzyme or enzymes which catalyze 
the deacetylation of some acetylated derivatives of morphine The sera 
are readily divisible into two classes based on their deacetylatmg ability 
One class removed both acetyl radicals from diacetylmorphme, deacetylated 
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monoacetylmorphine and removed the phenolic acetyl from dla cetyl dihydro- 
morphme, The other class removed only the phenolic acetyl from diacetyl 
morphine, did not deacetylate monoacetylmorphine and only slowly removed 
the phenolic acetyl from diacetyldihydromorphme None of the sera was 
able to remove the alcoholic acetyl radical from m onoa ce ty 1 dihy drom o rphme 
The bearing of the presence of the do&cetylatmg enxymea on the problem 
of the varying potency of the morphine derivatives and the question of rela 
tkmahlp to cholinesterase is discussed 

It is a pleasure to acknowledge my indebtedness to Doctor L F flmwll 
of the National Institute of Health for furnishing the acetylatcd morphine 
derivatives and for helpful consultations on the chemistry of the compounds. 

This work is a continuation of the studies on the pharmacology of morphine 
derivatives, sponsored during the past ten years by the Committee on Drug 
Addiction of the National Research Council. 
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In previous studies (1) it was found that berbenne following doses of 
ergotoxme causes a rise instead of a fall of blood pressure in dogs, in other 
words, the usual depressor effect of berbenne can be reversed by ergotoxme 
This reversal is independent of the central nervous system, and other findings 
suggest that the heart may play an important r61e in it In the course of 
further study of this phenomenon some incidental observations on the cardiac 
action of berbenne and its interaction with acetylcholine seemed more 
important and interesting than the original problem, and this led to the 
present study 

Borbcnno is a yellow and bitter alkaloid, widely distributed in nature, particularly 
in tho various species of bcrberis plants (such ns BorbcriB anatnta and B vulgaris) 
and Hydrastis canadensis ("Golden seal") In the latter it occurs to the extent of 
nearly 2 6 per cent Berborinc base and some of its salts arc fairly Boluble m water, 
but a strong solution of berberino sulphnto formB a heavy procipitnto whon it comes 
into contact with normal saline or blood In our experiments wo used a 1 per cent 
Bolutlon of berbenne sulplintc in distilled w ntcr It is chemically related to papaverine 
and hydrnstino, and its structural formula is probably ns follows 


CH, 

CHj 

Early literature on its pharmacological properties was reviewed m HefTter’a Hand 
buch (2) Sinco the establishment of its chemotherapeutic value in cutaneous leish- 
maniasis (3, 4, 5, 6), tho pharmacological interest in this drug has been renewed and 
a number of papers have been published in recent years (7, 8, 0, 10, 11, 12, 13) 

EXPERIMENTAL RESULTS 

1 The spinal cal 

Confirming our previous results in dogs, it was found that moderate doses 
of berbenne caused a fall in blood pressure accompanied by an increase of 
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splenio volume and an augmentation of tho splenio rhythmic contractions. 
The reversal of this depressor effect of berberine after ergo toxin e was, how 
ever, not bo constant os in anaesthetised dogs, and the berberine effect on 
the splenio volume was merely abolished but not definitely reversed (fig 1) 



£ Heart lung ■preparation 

Starling’s heart lung preparation was made from the dog. The left 
auricular pressure waa recorded by a saline manometer and a piston recorder 
In some experiments a Mora wits cannula was introduced mto the coronary 
sums to measure the coronary flow and m others the volume of the heart was 
measured by a Henderson cardiometer The artenal resistance was adjusted 
to product) a constant arterial pressure of 80 to 100 mm Hg. The amount of 
venous inflow waa adjusted to tho sire of the heart and It varied from 300 to 
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BOO cc per minute The total amount of circulating blood was from 800 
to 1000 cc Drugs vcre injected into the cannula m the superior vena cava 
In small and moderate doses (1 to 10 mgm ) berbenne always stimulated 
the heart and its stimulant effect was comparable m intensity to that pro- 
duced by' 1 to 2 micrograms of adrenaline but much more prolonged It 



Fio 2 Heart Lung Preparation from a Dog 
U pper tracings, left auricular pressure Loner, arterial pressure A, adrenaline, 
B, borbenne 


caused a small rise of artenal pressure, a fall of left auricular pressure (fig 2), 
a diminution m the cardiac volume both systolic and diastolic, and a moderate 
increase in the coronary flow by about 30 to 50 per cent The heart rate 
was only shghtly increased, and m an efficient heart the cardiac output was 
little affected Large doses (40 to 100 mgm ) of berbenne were, on the other 
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hand, definitely depressant to the heart, the left auricular pressure being 
raised and the rate decreased 


3 Isolated heart 

The isolated heart of the cat was perfused with Locke s solution by Langen- 
dorffs method. Berbenne was introduced into the perfusion fluid or in 
jected into the rubber tubing immediately above the perfusion cannula. 
By perfusion berbenne in concentrations 1 5 X 10* to 1 2.6 X 10* moder- 
ately augmented the contractions and increased the coronary flow by about 
20 to 40 per cent. The rate was little affected In concentrations above 
1 10* its depressant effect began to appear, contractions becoming weaker, 



Fia 3 Isolated Cat's Atjkicixs 

Effects of small and largs doses of berberine (B) Tbs drum was stopped at inter 
rale to show the gradual effects in a small space 


the heart rate slower and the coronary flow smaller Bat these effects were 
not very striking, and oven when a berbenno solution as strong as 1 10* was 
perfused the heart continued to beat fairly well without any sign of stopping. 
By injection 0 2 to 1 mgm of berberine also moderately augmented the 
contractions the effect being comparable to that of small doses of adrenaline. 


4 Isolated auricles 

The isolated rabbit s and cat a auricles were suspended in about 70 cc. 
of Locke s solution at a constant temperature of 28°C and with a rapid stream 
of oxygen bubbling through the bath. One-half to 1 mgm of berbenne 
added to tho bath augmented the contractions and large doses (5 to 10 
mgm ) depressed them In both cases the rate was little affected (fig 3) 
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5 Tachyphylaxis 

Although it had been found that equal doses of berberme produced equal 
depressor effects in intact cats and dogs, tachyphylaxis was noticed in all 
these thtec heart preparations As is shown in figure 4, the second dose 
of berberme produced a smaller fall in the left auricular pressure of the heart- 
lung preparation Even in the isolated heart constantly perfused with fresh 
Locke's solution, an injection of a moderate dose of berberme rendered the 
heart less responsive to subsequent doses of the same drug 



Fra 4 Heart Lung Preparation prom a Dog 
Upper tracings, left auricular pressure Lower, arterial pressure Ach, acetjl- 
choline, B, berbenne 

6 Interaction with acetylcholine 

Since Marfori (quoted m Heffter’s Handbuch) (2) found that a few milli- 
grams of berberme injected into a rabbit diminished the excitabilitj of the 
cardiac vagus to electric stimulation, it seemed of some interest to see if 
berberme exhibited the same effect on the cardiac action of acetylcholine, 
the humoral transmitter of the \ agus To our surprise, berbenne was found 
to possess the same biphasic effect on the acetylcholine action as we found m 
sympathomimetic substances in their interaction with adrenaline (14), 
l e , sensitisation in small doses and antagonism in larger ones On all three 
preparations, berbenne increased and decreased the inhibitory action of 
acetylcholine according to its dosage or concentration 

On the heart lung preparation, the first 10 mgm of berbenne increased 
the acet 3 dcholme effects on left auricular and artenal pressures by about five 
times The second dose on the other hand much diminished them (fig 4) 
The same biphasic action of berbenne nas observed m the isolated heart 
Two-tenths mgm of berberme much increased and 1 mgm abolished the 
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inhibitory effect of acetylcholine (figs 5 and 6) In the isolated auricles, 
Email and large doses of bexbenno also increased and decreased or abolished 
the acetylcholine action respectively (fig a. 7 and 8) Berberine in con centra 



Fio £ Isolated Cat’s H*a*t 

Effects of equal doeea of acetylcholine before and after a email do*e of berberine (fl) 




Fio 0 Ifioi*ATTD Cat’s Heabt 

Effect* of equal doae* of acetylcholine before and after a moderate doae of ber 
berine (B) 


tiona potentiating the acetylcholine action did not affect the cardioinhibitory 
action of pilocarpine but did diminish or abolish the latter when the con 
centration was raised to 1 or 2 mgm. per 70 cc. In such high concentrations 
however, the inhibitory effect of KC1 was often slightly increased if modified 
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at all The stimulant action of adrenaline was little affected by berbenne m 
these concentrations on this preparation and on the isolated heart 


aim 


Ach 


Isolated Rabbit s Auricles 


Ach 


Effects of equal doses (IO?) of acetylcholine {Ach) before (7), dunng {II), and after 
{III) a email dose (0 2 mgra in 70 cc ) of berbenne (B) 


ACh i»r 


Adi io r 


Adi io r 


Fio 8 Isolated Cat’s Aokicles 

Effects of equal doses of acetylcholine {Ach) before (I), dunng {ID and after (III) 
moderate dose (1 mgm in 70 cc ) of berbenne (B) 
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DISCUSSION 

The cardiac action of berbenne 

Most previous workers found that berbenno is a cardiac depressant (seo 
Chopra et al (7)), but Williams (15) and Soto and Srvoti (8) found that m 
dogs email doses of her bonne stimulate the heart before depressing it. The 
present results have clearly shown that berberine in a fairly wide range of 
doses acts as a cardiac stimulant on ail three preparations used. In stimulant 
doses berbenno mainly increases the force of the contractions the rate being 
little affected, while depressant doses usually diminish both In the intact 
animals however, the cardiac action of berbenno would be much modified 
or even completely masked by the coexisting peripheral vasodilatation, its 
potentiating and antagonistic actions on the vagus, and perhaps also by its 
central actions. 

The interaction between berbenne and acetylcholine 

The potentiation of the cardloinhibitory action of acetyloholine by small 
doses of berberine appears to be a true sensitisation, certainly not a synor 
glam, m which two agents act In the same direction In doses which cause 
sensitisation borbermo never inhibits the heart, but often stimulates it 
Eeenne on the other hand which also augments tho action of acetylcholine, 
itself inhibits the heart It is also interesting to note that the eserine sensi- 
tisation though very striking on the leech muscle and the frog’s rectus ab- 
dominis has never been satisfactorily demonstrated on the frog's heart, rat s 
gut and other smooth muscles (16, 17) 

In comparison with atropine, the antagonistic action of berbenne toward 
acetylcholine is relatively weak doses of berbenne 100 to 1000 times as 
large as those of acetylcholine are required to effect a complete antagonism 
In doses antagonistic to acetylcholine, berbenne also antagonises the effect 
of pilocarpine but not that of KC1. Since many quaternary ammonium 
salts are antagonistic to acetylcholine on the frog’s heart and other tissues 
(18), this same activity maj reside in its quaternary ammonium group 
which is closed up in the phenanthrene nng 
In viow of our previous findings that most of the sympathomimetic amines 
and their synergists and antagonists potentiate and antagonise the action of 
adrenaline according to their dosage or concentration the present results 
obtained with berbenne and acetj 1 choline a different category of drugs are 
of great interest Although no generalisation is to be attempted before a 
more extensh e sun ey has been made these results certainly suggest that the 
biphasic nature of the interaction of drugs may be much more general than 
has previously been suspected and maj prove of great help m understand 
Ing the mode of drug action. 
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8UMMAR1 

1 The action of berberine and its interaction with acetylcholine were 
investigated on three mammalian heart preparations the heart-lung prepara- 
tion, the isolated cat’s heart and the isolated rabbit's and cat’s auricles 

2 Berberine stimulates the heart and augments the coronary flow in small 
and moderate doses, in large doses it depresses the heart 

3 The cardiomhibitoiy action of acetylcholine is potentiated by small 
doses of berberine but antagonised by moderate and large doses Doses of 
berberine which are antagonistic to acetylcholine are also antagonistic to 
pilocarpine but not to KCI 

The author wishes to thank Prof J H Bum for his guidance and help 
His thanks are also due to Dr E BOlbnng and Mr H W Ling for their 
help in some of the experiments 
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In 1809 Crum Brown and Fraser (1) reported a curare-like action for 
certain quaternary ammonium bases Other effects subsequent^ were 
described (2 3 4, fi) for this class of compounds and m 1914 Dalo (6) classified 
the actions of acetylcholine into two categories which he designated as 
'muscarine” and ' mcotme-like * In the same year Bum and Dale reported 
(7) that the quaternary ammonium compound Me*N had a dual action similar 
to that of acetylcholine Dale (6) defined "musc-anne ’ action as a "periph- 
eral action broadly reproducing the effects of cranial and sacral involuntary 
nerves and readily paralysed by atropine. The term "nicotine-like ' first 
was used by Barger and Dale (5) to describe actions resembling thoeo of 
nicotine which were exhibited by a number of quaternary ammonium com 
pounds Dale's criterion (6) of a ' nicotine-stimulating” action Is a pressor 
action obtainable m pithed animals after atropine and nullified b> large doses 
of nicotine In addition to a "nlcotme-etnnulAtmg’ action certain of these 
compounds also have a "mcotlne-paralyxmg , effect which is evidenced either 
by their interference with autonomic preganglionic conduction (5) or by their 
nullifying effect on the pressor action of small doses of nicotine (7) 

In previous experiments (8) we found that the quaternary ammonium 
compounds, furfuryl tmncthyl (F T M), furfuryl dunethyi ethyl (F D M E) 
tetrahydro-furfuryl trimethyl (TFT M) and tetrahydro-furfury 1 dimethyl 
ethyl (T F D M E) ammonium iodides caused catharsis, increased salivary 
lachrymal, bronchial and gastric secretion, increased tone of intestine and 
urinary bladder, cardiac inhibition and a fail of blood pressure. These 
effects were overcome or prevented by atropine. They therefore were purely 
'muscannic However, in subsequent experiments in which we sought to 
determine the quantitative antagonism of atropine to the depressor action 
of these furfuryl compounds we found that if larger doses of both were 

1 Preaented bofor* the American Society for Pharmacology and Experimental Thera 
peutlca Inc Toronto meetlnc April, 1939 (This JotraXAL, M 13 1939) 

* Thia Snveiti cation waa supported In part by the D J McCarthy Foundation 
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employed pressor effects w ere sometimes en countered This somewhat capri- 
cious action of the furfuryl compounds, after atropine, was m marked contrast 
to then- parasympathomimetic action which can be demonstrated in all 
animals before atropine The present investigation of the action of the 
furfuryl compounds after atropine has been earned out in order to determine 
the fact and frequency of occurrence of pressor effects as well as relative 
intensity of action and if possible the nature of the action responsible for it 
Smce we had reason to Buspect that the effects of these compounds, after 
atropine, corresponded with Dale's "nicotine- like" action, carbaminoyl cho- 
line chloride (C C, ‘dentin” or “doryl”) and nicotine have been used as 
comparative agents The infrequent occurrence of the pressor action, after 
atropine, with the furfuryl compounds and also the large amounts of these 
substances required, suggested tnal, under comparable conditions, of acetyl- 
beta-methylchokne chlonde (A B M C, "mecholyl”) whioh has been reported 
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by Simonart (9, 12) and Hunt (10, 11) to possess a pure “muscarine” aobon 
It was found that A B M C caused a nse of blood pressure in an occasional 
animal and it therefore has been included in the present studies 

METHODS 

Cats and dogs anesthetised with ether, nembutal or chloralosane prior to destruction 
o! the central nervous system have been used in the present experiments All cats 
were pithed, decapitated, and given from 3 to 6 mgm of atropine per kilogram of body 
a eight,’ following which a period of one hour was allowed to elapse before any injections 
were made In order to determine the state of reactivity of each cat an initial test dose 
of 0 15 mgm nicotine was administered and was repeated until a maximum constant 
nso of blood pressure was obtained It was observed that too frequent injection of 
large doses of the furfuryl compounds sometimes resulted in a diminution of their own 
pressor effects after each injection In certain experiments this was attribut able to 

i Throughout the remainder of the text it is understood that all doses mentioned are 
per kilogram of body weight and all injections are intravenous 
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dlminiihed atropine antagonism to the va*odepreasor action of thewe compound* 
therefore, when extremely Urge do*ee of the furfuryl compound* were u*ed, additional 
atropine was given prior to each Injection of the compound under invcatigation 
Deapite additional atropinliation diminution in the preaaor action of a teat doae of 
nicotine by the furfuryl compound* frequently vu observed In aorne animal* thl* 
effect wa* flight and wa* present only for a few minute* but in other* It wa* pronounced 
and pamated for more than an hour In cat* in order to avoid complication* ariaing 
from thl* depreaaant effect, the teat doae of nicotine ha* been Injected throughout an 
experiment, whenever necea*ary to determine the itate of reactivity to thu type of 
■timalation Some of the dog* need were pithed and decapitated but, most of them 
were pithed and not decapitated In tabic 1 1* ahown the doae range employed a* well 
a* the number of animal* uaed and the frequency of occurrence of pre**or effect*. 



Upper record*, earotid blood preaaure by mercury manometer Signal line* indicate 
injection* Into a femoral vein Lower line* indicate time in minute* and alao iero blood 
pleasure AH doees are in mgm, per kilogram 


Comparahre pressor actmty offer airoptne 
In our experience (8) FTM wu | FDME-jV TFTM ^ and T F 
DME tJt m potent intravenously as O C in deprcMor notion Moll tor (13) 
has reported that Intravenously ABMC and C C are equi-activo depressor 
agents. ABMC and the furfuryl compounds manifest a weak prewor 
effect after atropine, as evidenced by our observations that in this type of 
action in pithed cats these compounds were as active as C C In dogs 
with the doees used C C appeared to be from 25 to 30 tones more potent in 
pressor action after atropine than A B M C or an} of the furfur} I compounds. 
F T M and T F T M are approximately equv-activc pressor agents after 
atropine. This has been verified man} times and is illustrated in figure 1 




190 


EDWIN J FELLOWS AND A E LIVINGSTON 


in this case 2 mgm F T M (A) caused a rise of blood pressure in a pithed, 
atropimzed dog which is comparable with that produced by the same dose of 
T F T M (B) FDME and T F D M E also w ere found to be equi-active 
pressor agents after ntropme Saturation of the furane nng of F T M and 
FDME therefore has reduced their depressor activity 10 and 6 fold respec- 
tively but has not altered their pressor action after atropine FDME and 
T F D M E always were found to be considerably less potent in their pressor 
action after atropine than the trunethyl compounds and A B M C, as illus- 
trated m figure 1 where 7 mgm FDME (C) produced a much smaller nse 
of pressure than the same amount of A B M C (D) and also F T M (E) 
It is to be noted that the illustrated pressor action of A B M C (D) is of 
approximately the same intensity as that of F T M (E) This is typical of 
other experiments earned out on 10 cats and dogs The much greater pressor 
potency, after atropine, of C C is illustrated m figure 1 where 0 4 mgm 
C C (F) caused a much greater rise of pressure than that produced in the 
same animal by 7 mgm of A B M C (D) and 7 mgm of FTM (E) 

Effect of a paralyzing dose of ntcohnc on pressor action after atropine 

It has been found in 3 pithed animals in which pressor responses, after 
atropine, have been established with F T M, T F T M, F D M E, T F D M E, 
and A B M C, that a paralyzing dose of nicotine com erts pressor into depres- 
sor effects This is illustrated in figure 1 by A B M C where 2 mgm of this 
compound in a completely pithed, atropimzed dog caused a pressor effect 
(fig 1, G) but after a paralyzing dose of nicotine (2 5 mgm ) rejection of 
2 mgm of A B M C caused a fall of blood pressure (fig 1, H) The furfuryl 
compounds and A B M C therefore cause pressure effects by a peripheral 
mechanism since a rise of blood pressure may be demonstrated after destruc- 
tion of the central nervous syBtem, it is probable that these effects are a 
manifestation of Dale’s “nicotine-stimulating” action because they are demon- 
strable before but not after doses of nicotine sufficient to paralyze ganglia 

Effect of large doses of the furfuryl compounds and A B M C on the pressor 
action of small doses of mcotinc ( nicotine-paralyzing action ) 

Figure 2 (A, B and C) shows that successive rejections of the test dose of 
nicotine employed re the present experiments gi\ e no indication of diminished 
pressor activity in an atropimzed cat This indicates that the test dose of 
nicotine used is stimulant in its action and devoid of paralyzing effects 
That large doses of the furfuryl compounds and A B M C exhibit '‘nicotine 
paralyzing” properties is illustrated in figure 2 In an experiment on a eat 
which had previously received 4 mgm of atropine sulfate, a test dose of 
nicotine produced a marked pressor effect (fig 2, D) Immediately after 
this, 30 mgm of F T M produced a nse of blood pressure preceded by a 
slight fall (E) Injection of the same amount of nicotine which produced 
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the rise of pressure at D now shows that the animal is almost entirely unre- 
sponsive to this agent (F) At the end of 40 minutes (G) the animal almost 
had returned to its normal control reactivity (D) to nicotme stimulation 
An additional 1.25 mgm. of atropine was given followed by 30 mgm. of 
ABMC and a rise of pressure obtained (II) which is not preceded by the 
primary fall of pressure that was observed with F T M (E) The absence 
of a preliminary fail of pressure is probably due to more complete suppression 



Flo 2 A, B and 0 Cat 2 £ kgm pithed, dec*pit*trd and atropiniaed (5 mgm, per 
IdlogTam) 

D to K Cat 8 kfm. pithed decapitated and atromniaed (5 mgm per kilogram) 

L, M N and O Cat 3.3 kgm. pithed, decapitated and atroplnixea (5 mgm. per 
kilogram) 

Upper reeorda carotid blood preaaure by mercury manometer Signal tinea Indicate 
Injection* into a femoral vein and alao aero blood pr eaiu rc Lower line* indicate time 
in minutes. All doeca ore in mgm per kilogram of Dody weight. 

of depressor action by the additional atropine administered just prior to 
ABMC The nullified pressor action of the test doao of nicotine (I) M 
compared with the rise obtained prior to A B hi C (G) demonstrates that 
ABMC also has depressed the animal to tins typo of stimulation. Marked 
depression to nicotme stimulation ts still apparent (J) after 35 minutes and 
even after 70 minutes (K) nicotine pressor action had not entirely assumed Its 
control effectiveness (G) The trend of these results is typical of 9 other 
experiments earned out on 4 cats 
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In a cat in which a test dose of nicotine produced a considerable rise of 
blood pressure (fig 2, L) the injection of 30 mgm of T F D M E caused a 
scarcely perceptible nse of pressure (M) Four minutes later the pressor 
action of the test dose of nicotine is shown to be completely nullified (N) and 
the state of complete unresponsiveness to mcotme stimulation is shown (0) 
still to be present 25 minutes after administration of T F D M E This 
illustrates results which have been obtained with 10 other cats, indicating 
that while a furfuryl compound may cause httle if any change m blood 
pressure when injected, the animal may react less readily or may be entirely 
unresponsive to subsequently administered ganglionic stimulants 

Effect of adrenalectomy on pressor action after atropine 

Dale (6) has reported that adrenalectomy lessens the pressor action, after 
atropine, of certain choline derivatives, and Bum and Dale (7) have made 
the same observation m the case of Me<N In the present experiments it 
has been found that established pressor effects are reduced but still present 
after adrenalectomy in the case ofFTM, TFTM, TFDME and FDME 
In 4 experiments it was found that the pressor action of A B M C was 
reversed by adrenalectomy as illustrated in figure 3, where 4 mgm A B M C 
is seen to have caused a nse of pressure (A) m a pithed, decapitated, atro- 
pinued cat After adrenalectomy the 4 mgm dose ofABMC caused only 
a slight fall of pressure (C) Recently Koppanyi, Lmegar and Berwick (14) 
have reported that the pressor action of acetylcholine is not diminished by 
adrenalectomy if blood pressure is maintained by acacia infusion In the 
present experiments no attempt was made artificially to maintain blood 
pressure but as illustrated m figure 3 the blood pressure level was not mate- 
rially reduced after adrenalectomy (C compared with A) The inconsistency 
of A B M G action, after atropine, has precluded an extensive investigation 
of its pressor action, but it would appear that under the conditions of the 
present experiments this action is due largely to activation of the adrenal 
medulla In figure 3 it is shown that m the same animal in which ABMC 
pressor effects, after atropine, were nullified by adrenalectomy the marked 
pressor action of the 0 15 mgm dose of mcotme before (B) is materially 
reduced after (D) adrenalectomy 

Potentiation of pressor action, after atropine, by esertne 

Since pressor effects, after atropine, were not demonstrable with the fur- 
furyl compounds and A B M C m all animals (table 1) a number of esermued 
cats and dogs were used m an attempt to secure a preparation in which pressor 
effects could be more consistently duplicated While a more consistent 
preparation was not obtained it was found that in certain cases eserrne did 
potentiate the pressor action ofFTM and ABMC In figure 3 is shown 
a typical example of 4 experiments Four milligrams ABMC caused a nse 
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of pressure (fig 3 E) in an atropimzed cat. Five-tenths mfl lignun eserine 
next was injected and the animal then given 4 mgm . of A B M C and it is 
to be noted that the nse of pressure produced (fig 3, F) is very decidedly 
greater than that obtained with this dose prior to esenne (E) That the 
pressor action of F T M, after atropine, also may be potentiated by eserine 



Fia 8 A B 0 D Cat 8.8 kfm M pithed decapitated and atropinlxed (4 mgm. per 
kilogram) A and B before C and I) after adrenal ectomy E, F Cat 4 kgm . pithed 
decapitated and atroplnlied — E before F after eaarim Q and H Dog 24 kgm. 
pit bed and a trap mixed (2 mgm per Idlogram) Upper record* femora! blood preamre 
by merctiry manometer Signal line* indicate Injection* Into a femoral rein. Lower 
line* indicate time In minute* and ilxo *ero blood pre**ura All doaee are in mgm per 
kilogram of body weight. 


is illustrated in figure 3 where 4 mgm FTM caused a nse of pressure (G) 
in a pithed decapitated atropmued dog. The same dose of F T M after 
0 1 mgm ceenne produced a much greater nse of pressure (H) In these 
experiments it was observed that the degree of potentiation of pressor action 
usually was not as great in the case of F T M as with ABMC 
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DISCUSSION 

From the present experiments it is apparent that F T M, T F T M 
FDME, TFDMEorABMC have a mild "nicotine-like” aetion when 
compared with such compounds as C C or nicotine itself The doses of 
the furfuryl compounds and AB1IC required to demonstrate the “stimu- 
lating” fraction of their “nicotine-like” action are so large that "nicotine- 
paralyzing” effects also may be observed In our experience a “nicotine 
stimulating” action was demonstrable more frequently with the furfuryl 
compounds and ABMCm those cats m which marked pressor effects were 
obtained with small doses of mcotme The results obtained with ese nmz ed 
animals in the present experiments are another indication that one of the 
most important factors in the demonstration of “mcotme-stimulatmg” proper- 
ties for these compounds is the state of vasoconstrictor or vasodilator reac- 
tivity of the animal used It was found that while esenne may increase 
the magnitude of pressor action of the furfuryl compounds and A B M C 
in those animals responding vnth a rise of pressure it did not cause those 
animals responding vnth depressor effects with the range of doses used to show 
pressor effects It would appear, therefore, that in certain animals the vaso- 
depressor action of the furfuryl compounds and A B M C is so overwhelmingly 
preponderant that its suppression by atropine is not sufficiently complete to 
permit unmasking of the mild vasopressor action This observation has 
been made even for acetylchohne, a much more potent pressor agent after 
atropine, by Lmegar, Henvick and Koppanyi vho report (15) that in certain 
animals even massive doses (30 to 40 mgm ) of atropine failed to abolish 
completely the vasodilator effect of large or even moderate doses of acetyl- 
chohne 

While a more consistent “mcotme-stimulatmg” preparation was not ob- 
tained the potentiation of established pressor action of F T M or A B M C 
by esenne is of interest from the standpoint of the mechanism of action of 
the latter agent In the case of F T M, augmentation of pressor action, 
after atropine, must be explamed on some basis other than inhibition of 
esterase because it has been found (8) that the furfuryl compound is stable 
m blood It also is probable that potentiation of the pressor action of 
A B M C, after atropine, by r esenne is not entirely explamed by inhibition 
of cholinesterase While A B M C is labile in blood its destruction is 
decidedly less rapid than that of acetylchohne In our expenence (8) a 
penod of 10 to 12 minutes contact with blood was required to completely 
inactivate 0 001 mgm of A B M C Destruction of at least se\ eral thousand 
tunes this amount m a few seconds must be inferred at figure 3, E, to explain 
the augmentation of A B M C pressor action at figure 3, F, after atropine, by 
esenne on the basis of cholinesterase inhibition Evidence of an augmentary 
action by esenne which is not referable to its anti-cholmesterase effect also 
has been observed by Feldberg and Vartiamen (16) vho reported that the 
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ganglion stimulating action of choline, potassium ions nicotine and hordenine 
methiodido was potentiated bj ecerine and therefore concluded that the 
latter agent may cause a non-specific sensitisation of ganglion, cells to a variety 
of chemical stimuli. 

As previously mentioned Simonart (9, 12) and Hunt (10 11) have reported 
that ABMGis devoid of * nlcotme-likc ' properties In the present expen 
menta as shown in table 1, “nicotine-stimulating” effects were obtained with 
A B M C in pithed cats after atropine, in doses of from 4 to 40 mgm It 
must be stated however, that our effective dose range usually was of the 
order of 30 mgm While it has been reported by Simonart (9) that ABMC 
does not produce a ruse of blood pressure m pithed cats tn any dose as far as 
wo could determine the largest doee used by this author was of the order 
of 1 6 mgm It is conceivable that the materially larger amounts of ABMC 
and atropine used in our expenments may account for the difference in tho 
present report and that by Simonart (9) Even in the relatively low dose 
range used, Simonart reported that ABMC caused a alight stimulant effect 
on the denervated gastrocnemms muscle of the cat. In discuraing the 
' muscarine-like ' and “nicotme-Uke' actions of Me<N Bum and Dale (7) have 
reported— fit is easy to show that in cases showing a pure depressor effect 
under anesthetic one can obtain a practically pure pressor effect in the samo 
animal after complete pithing of the central nervous system " Hunt's state- 
ments (10 and 11) to the effect that A B M C is devoid of “nicotine-like 
effects are based on expenments (17) m which ABMC always produced a 
fall of blood pressure after atropine Why we obtained pressor effects with 
ABMC after atropine, and Hunt did not is probably best rationalized by 
the fact that all of our expenments were corned out on antmals t nth central 
nervous system destroyed whereas Hunts were earned out on antmals tenth 
central nervous system tntacL 

SUMMARY 

1 In cats and dogs with central nervous system destroyed it was found 
that certain doses of furfurjl tnmethyl (F T M) furfuryl dimethyl ethyl 
(F D M E), tetrahydro-furfuryl tnmethyl (TFT M) and tetrahydro-furfuryl 
dimethyl ethyl (T F D M E) ammonium iodides and also acetyl-beta 
methy 1 chollno chlonde (A B M C) after atropine may cause a rise of blood 
pressure which is reversed by a paralyzing dose of nicotine 

2 Tho pressor action of F T M, T F T M and ABMC, after atropine 
was found to be of approximately equal intensity All three are much less 
potent m their pressor action after atropine, than carbarn moyl choline 
chlonde (C C) F D M E and T F D M E arc less active pressor agents 
after atropine than FTM TFT M or ABMC 

3 FTM TFTM FDME,TFDMEorABMC have a “nicotine 
paralysing action as indicated bv a mullifying effect of large amounts of 
these compounds on the pressor action of small doses of nicotine 



196 


EDWIN J FELLOW S AND A E LIVINGSTON 


4 After adrenalectomy pressor effects, after atropine, are somewhat 
reduced in the case ofFTM, FDME, TFTM and T F D M E With 
the doses of A B M C used the pressor action after atropine, was entirely 
nullified after adrenalectomy 

5 When pressor effects, after atropine, were established with F T M 
or A B M C, eserrne potentiated the pressor action of these compounds 
Because of its stability in blood, F T M potentiation by esenne must be 
explained on some basis other than esterase inhibition and it is doubtful if 
this mechanism of action entirely explains augmentation of the pressor 
action, after atropine, of A B M C 
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Tho data m the literature on the toxicity of dilaudid on intravenous admin 
tetratlon are scanty Umexato (1) gives 00 mgm per kilogram as the minimal 
lethal dose for mice as compared with 800 mgm. per Idlogram for morphine. 
Eddy and Reid (2) find that the average fatal dose subcutaneously is 84.26 
mgm. per kilogram of tho base (equivalent to 05 04 mgm. per Idlogram of the 
hydrochloride), and that it is six times as toxic as morphine The older 
literature is reviewed by King Himmelsbach and Sanders (3) the toxicity 
relative to morphine has been reported all the way from 1 1 (rabbit) to 5 1 
(frog) 


EXPEHIMXNTAL 

The data presented were obtained from the following experiments Dilaudid 
I A senes of mice weighing about 10 grams (average 10 4) were injected 
with dilaudid hydrochloride 1 over the period July 18 to July 28 1030 They 
were divided into 11 groups of nine mice each, receiving 11 different dosages 
Dilaudid II A second senes of 67 mice of tho same strain (average weight 
14 6 grama) was injected with dilaudid hydrochloride on June 2 1040 The} 
were divided into approximately three equal groups and three different doses 
were used Morphine I At tbe same time as the preceding another senes 
of 60 of the same mice was injected in a similar way with three different doees 
of morphine hydrochloride. Dilaudid III On September 24, 1040 a group 
of 99 mice of a different strain (average weight 21.8 grams) was injected with 
dilaudid hydrochloride m a similar way to the first dilaudid series and, 
Morphine II, at the same timo another group of 09 mice of the same strain 
was injected with morphme hydrochlonde. The animals of the dilaudid II 
and morphine I senes as well as those of tbe dilaudid HE and morphme II 
senes, were kept under identical conditions 

A freshly prepared solution of the drug was injected into the tail vein 

1 We ire Indebted to the Bilim ber Knoll Corporation for the gift of 1 gram of 
dilaudid. 
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Although most of the deaths occurred within two or three hours, the final 
count was not made before 24 hours The other experimental details and 
the results are given in the accompanying table 
The data have been treated by the statistical methods of Bhss (4), using 
the tables of Fisher and Yates (6), the symbols used are those employed by 
these authors Briefly the process consists of fitting the data, properly 
weighted, to the probability curve When this is done, and y, the mortality 
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in probits, is plotted against x, the dose m logarithms, a straight line is ob- 
tained (fig 1) The equation of this line is 

y = o -f b (x - £) 

£ being the weighted average log dose the weighted average probit, is 
the corresponding value of y, and is numerically equal to o The constants 
for each equation are given in the table 
That the use of the probability curve is justified can be shown by plotting 
the experimental points show no trend towards anything but a straight line, 
and this is confirmed by the x 5 test This is satisfactory for all five curves 
and gives no indication of departure from the theoretical equation The 
standard error of the 50 per cent death point is given m the table as well as 






























Tooacmr o* dilaud id 


199 


the standard errors of the tiro constants of the equation, a and b ITiese last 
were determined from the equations 



and 



loo Dose 
Fiq 1 


We have then three curves for d flan did which differ somewhat from each 
other and two curves for morphine which show a rather more marked diver 
gence The question arises whether this is due to accidental sampling or 
whether there is a more fundamental difference, due, e.g., to seasonal variation 
or the difference in strain. Taking dilaudid first an approach may bo made 
by plotting the curies together with the zone of error (based on a 0.05 prob- 
ability) of one of them When this is done it is found that dilaudid H lies 
within the zone of error of dilaudid I and that dilaudid III does not It seems 
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likely from this that the difference between curves I and II is due to sampling, 
and that III diverges for other reasons This is confirmed by calculating 
the value of £ with respect to the two constants of the equation Comparing 
curves I and II we find t(a) 1 79 which gives (n = 10) P between 0 2 and 0 1 
Similarly t(b) is 1 22 and P between 0 3 and 0 2 There is therefore no indi- 
cation of a difference other than m sampling When we come, however, to 
the comparison of curve III with these two, we find that £(a) for I and III is 
2 17 which for n = 18 gives P between 0 05 and 0 02, and i(a ) for II and II 
is 5 13 with P less than 0 001 (n = 10) There has been, therefore, a real 
shift m the value of the constant a With respect to the constant b, for 
curves I and III t{b) is 0 82, and P between 0 4 and 0 5 (n = 18), for curves 
II and III it is 0 26, and P lies between 0 8 and 0 9 (n = 10) There is then 
no indication of a significant difference in the slope of the curves Hence we 
may say that these curves are probably parallel and will differ only m shifting 
up and down the y-axis 

Smce the first and second dilaudid curves differ only in sampling, we may 
combine them This gives us a value for a (or §) or 4 8793 and for b of 4 6343 
The logarithm of the estimated 50 per cent death point is 1 9259 ± 0 0242, or 
a dosage of 84 3 mgm per kilogram with a range of 79 8 to 89 2 Tins 
value maj be compared with the average fatal dose of 95 mgm per kilogram 
given by Eddy and Reid The third curve gives the logarithm of L D 50 
1 7824 ±0 0377 or 60 6 mgm per kilogram, with a range of 55 6 to 66 1 and 
it is evident that this group (of somewhat heavier mice) was, under the con- 
ditions of the experiment, more susceptible With the present data it is im- 
possible to be more precise about the cause of this increased susceptibility, 
but we hope to investigate this pomt in future work 

On applying the t test to the morphine curves ne find, on the other hand, 
that £(a) is 1 84 and P between 0 1 and 0 05, while 1(b) is 5 34 and P between 
0 05 and 0 02 (n = 10 in both cases) The shift here has been in the value 
of 6, the slope, rather than in a 

It is customary to compare the toxicity of morphine with that of dilaudid 
To do this it is necessary to choose points of equal effect If we choose the 
50 per cent death pomt, we have, for dilaudid I, dilaudid II and the combined 
curve compared with morphine I, and for dilaudid III compared with mor- 
phine II the following dose ratios respectively 4 0, 3 3, 3 8 and 3 7 These 
values are somew hat lower than those of Umezato and of Eddy and Reid 
It is interesting to note that the value for dilaudid III and morphine II, 3 7, 
is very close to 3 8 obtained from the combined dilaudid I and II curves and 
morphine I (These particular combinations were chosen because the data 
were obtained from the same strain, and for the most part simultaneously ) 

How far this ratio will hold, however, when a different pomt of comparison 
is chosen, is another question Graphically, the answer is easy to see the 
logarithm of the ratio of the two doses is the horizontal distance between the 
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two coma at points corresponding to the same 'value of y The ratio will 
remain unaltered only if the dilaudid curve is parallel to the morphine curve 
For morphine II this condition is very nearly fulfilled indeed a sampling 
error might be expected to account for a greater difference m slope than that 
observed With morphine I the results are different the ratio Increase* 
considerably as the point chosen for comparison represents a smaller and 
smaller percentage mortality For example taking the combined I and II 
dilaudid curves and morphine I, we find for 60 per cent mortality a ratio of 
3.8, for 1 per cent 7 6 while for a mortality of 0 01 per cent the ratio would 
rise to 11 7 These figures are, of course subject to the error involved in the 
determination of the b value for each separate curve It may be recalled 
that Umexato using the minimum lethal doee which is lower than the 60 per 
cent death pomt got a ratio of 5, rather than 3 to 4 

It la impossible, therefore in cases HLe this to make any precise statement 
about the relative toxicity without fixing the expected percentage mortality 

That this sort of phenomenon is not confined to toxicity Is indicated by the 
work of Schoen (0) He noted in rabbits that dilaudid is five times as effec- 
tive as morphine In depressing respiration for which relatively small dose* 
are required, but when larger doses which stimulate respiration are used, it is 
only twice as strong The sixe of the doee, however, is apparently not the 
only factor, for in investigating toxicity he finds the minimal effective dose 
to be 6 mgm per kilogram for morphine and 0.5 mgm per kilogram for 
dilaudid, a ratio of 10 1 On respiration on the other hand, he finds a ratio 
of 6 1 over a doee range of 1 to 10 mgm per kilogram. 

There is no reason to believe that similar variations of toxicity and other 
effects with dosage will not be found for other drugs since the chances that 
two straight lines obtained in this way will be parallel must be very small 
SUiniABT 

The intravenous toxicity of dilaudid for mice has been determined on three 
separate occasions using 99, 67 and 99 mice respectively The L.D 50 was 
found in two instances to bo 80 and 96 mgm. per kilogram there being no 
significant difference between these figures In the third instance it was 61 
mgm* per kilogram a difference probably to be attributed to a difference m 
season and In strain Two similar determinations were made for morphine 
the L.D 50 was found to be 318 and 223 mgm, per kilogram a significant 
difference and due probably to the same reasons. At the 60 per cent death 
point dilaudid is 3 7 to 3.8 times as toxic as morphine. In the pair of curv es 
made In the autumn this value is maintained fairly closely throughout all 
dose ranges, but In the pair of curves made in the summer this ratio increases 
with decreasing mortality reaching 11 7 at an expected mortality of 0 01 per 
cent It Is therefore necessary to take the expected mortality into account 
when comparing the toxicity of two drugs Similar considerations probablj 
apply to other effects of these drugs. 
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Tho cyanosis which occurs during therapy with sulfanilamide ordinarily 
causes no concern because it is usually associated with the formation of only 
methemoglobm. Occasionally however sulfbemoglobm is encountered, and 
because of the extreme stability of this pigment, its occurrence is regarded 
by some to be a serious complication of bacterial chemotherapy with su If anil 
amide. Comparatively little is known of the mechanisms underlying the 
formation of sulfhemoglobm The pigment has been described as resulting 
from the administration of a variety of anil me derivatives and is also sup- 
posed to occur for unknown reasons, in cases of so called ‘ enterogenous 
cyanosis’ (1) 

Snapper administered phenacetin to dogs and showed that sulfhemoglobm 
was formed only when a large quantity of sulfur was given at the same 
time (2) The logical deduction from Snapper’s work is that sulfhemo- 
globinemla m human patients from sulfanilamide might be prevented by 
limiting the sulfur content of the diet (3) However there is little agreement 
as to bow this should be done. For example, magnesium sulfate as a cathartic 
is considered by man> clinicians to be contraindicated while sulfanilamide is 
being used. On -purely theoretical grounds it is difficult to see how even 
an excessive amount of Inorganic sulfate could be utilised directly in the 
production of sulfhemoglobin. Indirectly it is possible that catharsis might 
be responsible for decomposition of food and sulfide-formation due to pre- 
mature movement of contents Into the lower intestine (3) however no evi 
dence in support of this possibihtj exists. 

The production of sulfbomoglobmemia and anemia in mice fed a diet of 
Purina Dog Chow containing sulfanilamide (4 5) has furnished a convenient 
means of studying these toxic reactions under controlled conditions. This 
report presents the results of experiments in which different types of sulfur 
compounds were tested for their ability to produce sulfhemoglobm when 
administered together with sulfanilamide The possible relation of changes 
In hemoglobin to production of anemia is also considered 
303 
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METHODS 

The Purina Dog Chow diet used, as in previous work on sulfanilamide with mioe 
(4, 5), had a fairly high sulfur content (0.23 per cent total Bulfur, of which 0 15 per oent 
was in organic combination) (6) In order to determine whether thia amount of sulfur 
was an important factor in the production of cyanosis, we first fed sulfanilamide in 
other diota containing minimal concentrations of sulfur Of a number of synthetio 
diets tried, the one used by Addis 1 for the study of protein metabolism in rata was found 
to be the most satisfactory Although no chemical analyses were made, it waa obvious 
from a study of the constituents that it contained a minim um of sulfur Two per cent 
sulfanilamide in this diet fed to mice for a penod of two weekB produced only a very 
sbght cyanosis or sulfhemoglobinemia This diet was therefore satisfactory as a basis 
to which various sulfur compounds could be added in order to Bee whioh ones oould be 
utilised in the formation of sulfhemoglobin By altering the diet and producing vary- 
ing degrees of cyanosis, we also could determine the relation, if any, between changes 
in hemoglobin and blood destruction 

The procedure was as follows After control observations of hemoglobin and reticulo- 
cytes, groups of 0 to 8 mice were given the basic low sulfur diet to which various sulfur 
compounds were added, usually m high enough concentration to bring the sulfur oontent 
of the diet up to 0 25 per cent, or approximately equivalent to that of Purina Dog Chow 
Some groups of mice were given the sulfur diets plus 2 per oent sulfanilamide 1 while 
other groups, serving ns controls, received only the sulfur-containing diets After two 
weeks hemoglobin and reticulocytes were determined again, following whioh the mice 
were bled by cardiac puncture, and the blood from each group of animals was pooled 
In this composite sample oxyhemoglobin was determined in terms of oxygen capacity 
, by the method of van Slyke (7) Total hemoglobin was determined as blood iron by the 
method of Coombs (8) Spectroscopic analysis was carried out according to methods 
previously described (4), and blood sulfanilamide content was determined by the method 
of Marshall (9) The following sulfur compounds wero tested thiourea, magnesium 
sulfate, sodium tbioglyoollate, oysteme hydrochloride, Bodium tbioBulfate, washed 
flowers of sulfur, and sulfuratcd potash (06P) 

Influence of sulfur compounds on cyanosis 

The effects of the seven different types of sulfur compounds on the forma- 
tion of sulfhemoglobin are presented m table 1 Tho per cent of inactive 
hemoglobin was calculated as the difference between the values for blood 
iron and oxygen capacity, divided by the blood iron Previous studies (4) 
have shown that determination of inactive hemoglobin pigment by this 
method is the most accurate means of detecting formation of methemoglobm 
or sulfhemoglobin 

It is seen that magnesium Bulfate and thiourea had no effect on the forma- 
tion of sulfhemoglobin, there being no more inactive hemoglobin when these 
compounds and sulf anilami de were added to the diet than when sulfanilamide 
alone was added Sodium thioglycollate and cysteine hydrochloride both 

i This diet contained com meal 68 per cent, linseed oil 10 per cent, dried alfalfa 
2 per cent, powdered casein 10 per cent, lard 6 per cent, cod liver oil 3 per cent, bone as 
1 6 per cent and sodium chlonde 0 5 per cent 

1 The sulf anilami de was kindly furnished by Abbott Laboratories, North Chicago, 

Illinois 
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appeared to increase the cyanosis slightly and more sulfhemoglobin was 
present in the blood. Sodium thiosulfate, powdered sulfur and su If urn ted 

TABLE 1 
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potash (potassium polysulfide) all Increased the amount of sulfhemoglobin 
when these compounds and sulfanilamide were added to the diet. With the 
polysulfide the effect was particularly striking since the animals receiving 
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this type of sulfur became markedly cyanotic within a few dayB and remained 
so for the period of the observation 

In order to explain the cyanosis produced, when animals were fed Purina 
Dog Chow we modified the basic diet so that it contained sulfur compounds 
m a form which might occur naturally in food For this purpose the casein 
of the Addis diet was replaced by egg albumin which is fairly nch m organic 
sulfur The result was that the sulfanilamide added to this modified diet 
produced a moderate increase in amount of sulfhemoglobm 

Sulfur compounds alone added to the diet caused no changes, except m 
the mice fed sodium thiosulfate, sulfur and potassium polysulfide In these 
mice the blood was slightly darker than normal, and when concentrated 
specimens were examined spectroscopically, there was a faint band char- 
acteristic of sulfhemoglobm However, there was only a doubtful increase 
in inactive hemoglobin 

The results obtained confirm the view that an increased mtake of certain 
types of sulfur compounds in the diet leads to an increased production of 
sulfhemoglobm by sulfanilamide However, only the more labile sulfur 
compounds are effective, the more stable compounds like magnesium sulfate, 
and thiourea being totally inactive 

Influence of sulfur compounds on anemia 

Previous work on the effect of sulfanilamide on the blood of mice (10) 
showed that the most satisfactory indication of blood damage by this drug 
could be obtained from changes in hemoglobin and reticulocytes Both deter- 
minations were made m this study as they give information on different 
reactions, 1 e , changes in hemoglobin afford an estimate of blood destruction, 
whde reticulocytes give an index of the ability of the bone marrow to com- 
pensate for the blood destruction For the sake of brevity, the difference 
m values before and after medication were calculated for each mouse, and 
the mean change for each group of mice recorded m the Table 

There was no obvious relation between the amount of inactive hemoglobin 
and the degree of anemia The greatest loss of hemoglobm occurred m the 
group of animals receiving thiourea, but m these animals only a minimal 
amount of sulfhemoglobm was formed On the other hand, mice receiving 
polysulfides and sulfanilamide became very cyanotic, but no more anemio 
than did the slightly cyanotic animals Clearly, therefore, the formation 
of sulfhemoglobm m itself was not necessarily related to blood destruction 

Changes m reticulocyte percentages generally paralleled the decrease in 
hemoglobm, thus indicating that there was no demonstrable depression of 
the bone marrow 

Control groups of mice fed the various sulfur compounds without sulfanil- 
amide showed no significant changes in either hemoglobm or percentage o 
reticulocytes 
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Effect of feeding sodium nttnie on Hood 

Since blood destruction could occur without the formation of appreciable 
amounts of sulfhemoglobm it seemed worth while determining if the two 
effects on blood could not be further dissociated, that is, whether changes m 
pigment might not occur without the development of anemia. For this 
purpose sodium nitrite was administered in Purina Dog Chow to groups of 
mice for two weeks and their blood was studied according to the methods 
already described. Concentrations of the drug up to one per cent produced 
little effect but with from one to four per cent the mico became moderately 
cyanotic and determinations of oxygen capacity and blood iron revealed 
inactive hemoglobin of from 11.6 to 16.5 per cent. Spectroscopic eramina 
tkm showed a broad absorption band at 630 m^ which readily disappeared 
on the addition of cyanide and hydrosulfite indicating the presence of methe- 
moglobin. In contrast to the results obtained with the administration of 
sulfanilamide in the same diet there was no demonstrable eulfhemoglobin. 
To test further the effect of nitrite on hemoglobin this drug was fed to mico 
in a diet containing three times the amount of flowers of sulfur necessary to 
produce a marked sulfhemoglobinemia with sulfanilamide. Even under these 
conditions nitrite caused cyanosis associated only with methemoglobinemia. 

These results demonstrate a striking difference In the action of sulfanilamide 
and of nitnte on hemoglobin. Under the proper conditions both cause the 
formation of metbemoglobm In the mouse however metbemoglobln is 
formed only with difficult} and when formed tends to be converted rapidly 
to oxyhemoglobin. Hence in mice only potent drugs like m trite cause enough 
metbemoglobln to produce cyanosis. Sulfanilamide however, differs from 
nitnte in also being able to catalyse the formation of sulfhemoglobm when 
sufficient labile sulfur is available 

All groups of mice given sodium nitnte developed an anemia of about the 
same order of magnitude as mice on sulfanilamide The average loss of 
hemoglobm varied from 2.3 gram per cent for mice fed one per cent nitrite 
to 3.2 per cent for mice fed four per cent. The percentage of reticulocytes 
also increased average changes amounting to about fifteen per cent. Also 
of interest was the appearance of Hem* bodies in most of the mature erythro- 
cytes of animals on nitnte 

Influence of sulfur diets on sulfanilamide cyanosis in chickens 

To investigate further the relation between methemoglobin and sulfhemo- 
globin, we made observations of the effect of sulfur on the action of sulfanil- 
amide in chickens. A previous study demonstrated conclusively that sulf 
anUamide administered to chickens produced cyanosis characterised by 
methemoglobinemia (4) The diet of the birds in that stud} consisted almost 
entire!} of mixed grain, and was low in sulfur It seemed important to 
determine whether a diet which produced sulfhemoglobin m mice might not 
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also produce this same abnormal pigment m chickens Accordingly three 
chickens were fed a diet of Purina Dog Chow containing 2 per cent sulfanil- 
amide In three to five days all the birds became cyanotic Spectroscopic 
examination of the blood showed only a band of methemoglobm, as reported 
previously, and there was no indication of sulfhemoglobm In other tnals 
in which 0 5 per cent sulfur and 2 per cent sulfanilamide were added to the 
diet of chickens, cyanosis was also associated only with methemoglobm It 
was clear therefore that there was a marked difference in the response of 
chickens and mice to sulfanilamide, the former responding predominantly 
by the formation of methemoglobm, the latter by the formation of sulfhemo- 
globm This interesting species difference deserves further study, as it might 
throw light on the reason some patients on sulfanilamide form sulfhemoglobm 
instead of the usual methemoglobm It is possible that since chickens require 
larger quantities of sulfur for normal metabolism, this requirement is satis- 
fied before enough accumulates for utilization m the formation of sulf- 
hemoglobm 


DISCUSSION 

The results in this report demonstrate clearly the relation between inges- 
tion of sulfur and the production of sulfhemoglobm by sulfandamide In 
general, it appears that sulfides, or compounds which are readily converted 
to sulfides, are the most effective in the formation of sulfhemoglobm In 
compounds like magnesium sulfate or thiourea the sulfur is so firmly bound 
that it can not be used for this reaction 
The reactions leading to the formation of sulfhemoglobm remain obscure. 
However, from the fact that administration of sulfides alone leads to a small 
amount of inactive hemoglobm, it would seem that sulfandamido merely sets 
as a catalyst On the other hand, the production of methemoglobm appears 
to be a true oxidation which can be produced by a variety of agents 

Although no relation has been demonstrated between the amount of inac- 
tive hemoglobm formed and the degree of anemia produced, this does not 
prove that there is no relation between these two toxic reactions It merely 
shows that formation of sulfhemoglobm per se is not necessary to the destruc- 
tion of red cells Other results, which will be published later, show that when 
different derivatives of sulfanilamide are compared for their ability to produce 
blood changes, those drugs producing the most marked anemia also produce 
the greatest increase in inactive hemoglobm On the other hand, compounds 
causing little destruction of red cells also produce only a small amount 
of inactive pigment 


CONCLUSIONS 

1 The sulfhemoglobmemia of sulfanilamide m mice was found to be 
dependent on the sulfur content of the diet Of seven sulfur compounds 
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tested, thiosulfate, flowers of sulfur, and sulfnrated potash were the most 
effective. Magnesium sulfate and thiourea were ineffective. 

2 There was no relation between the degree of sulfhemoglobinemia and 
destruction of erythrocytes. 

3 Mice given sodium nitnte in a high sulfur diet developed cyanosis, which 
was associated only with methemoglobm, and a moderate degree of anemia. 

4. Chickens given sulfanilamide m a high sulfur diet developed cyanosis 
associated only with methemoglobin. 
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The discovery that vitamin ICi (2-methyl-S-phytyl-I , ^-naphthoquinone) 
and related naphthoquinones correct plasma prothrombin deficiency in the 
absence of extensive liver damage found prompt and consistently promising 
clinical applications The scarcity of published reports on the toxicity of 
the compounds (1-3) prompted the presentation of the following observations 
on the toxic effects m mice 


ACUTE TOXICITY 

Mice of the Swiss (albino) and C»H (agouti) strains and hybrid white 
mice, 3 to 4 months old and weighing 25 to 30 grams, were used The animals 
were maintained on a diet of Purina dog chow and an unlimited supply of 
water 

The naphthoquinones 1 , as listed in table 1, were dissolved m sesame oil 
for subcutaneous and oral administrations The amount of the solvent was 
0 3 cc or less The toxic dose of 2-methyl-l ,4-napthoquinone was the same, 
however, m a series in which the compound was dissolved in 0 1 to 1 0 cc 
of sesame oil For intravenous injection, the compounds were dissolved m 
water, 0 5 mgm per cc , and the mice received 0 25 or 0 5 cc m the lateral 
tail vein At this concentration, the compounds remained m solution at 
40 °C 

The manifestations of the toxicity of all the compounds were practically 
identical The mice were prostrated within 3 to 5 minutes and died within 
a half hour after the injection of large doses of 1 , 4-naphthoquinonc and 
2-methyl-1 ,4-naphthohydroquinone At lower doses, the onset was later 
and the symptoms lasted for as long as 72 hours Transitory mild collapse 
and respiratory embarrassment were noted with 1 6 grams per kilogram of the 
di-isovalerate subcutaneously and with 0 25 mgm of 2-methyl-I , ^-naphtho- 
quinone and the hydroquinone intravenously The low toxicity of vitamin 

1 1 am indebted to Dr S Ansbacher of the Squibb Institute for Medical Research 
for the generous supply of the chemicals 
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Ki wm undoubtedly associated with its slow rate of absorption the compound 
wm still present m the subcutaneous tissue a month after injection 
With tone doses, the mice lay quietly with legs extended and had evident 
respiratory embarrassment the breathing being extreme]} slow and labored 
ho convulsions were noted The slcin was cyanotic In several instances 

TABLE 1 


Acute toxtctlf of naphthoquinone* in wiiei 



the urine became brown in color Death was due to respiraton failure 
the heart continued to beat for several minutes after the cessation of res- 
piration 

At necrops} the liver and tho largo blood vessels were engorged Upon 
section of tho aorta and other large vessels the blood clotted with extreme 
rapidit} 
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Histologic sections 1 of the liver, brain, kidneys, spleen, adrenals, lungs, 
heart, and the genital organs Mere obtained from 22 mice The findings 
were the same m all cases, and with all the compounds studied 
There was moderate to marked congestion of the organs, particularly of 
the liver, lungs, and spleen The blood vessels were engorged In 20 mice 
the tubules of the renal pyramids close to the cortex contained blood This 
lesion (fig 1) w'as uniformly focal in distribution It was felt that the renal 



Flo 1 Hemorrhagic Extravasation in Renal Pyramids 
Ssvibs strain mouse 3 hours after subcutaneous injection of 6 mgm of f-methjl-f ,4 
naphthoquinone H and E, X 110 

lesion was secondary to the marked congestion m the blood vessels In 
four instances there was some hemorrhagic extravasation into the liver and 
phagocytosed yellow-brown pigment in the liver, spleen, and kidnfejs This 
lesion was not present in four mice which received sublethal doses of the 
compounds and which were killed at the same time 
Six mice which survived the toxic doses of the compounds were killed 3 
to 30 days later There was no vascular congestion The most marked 
residual lesion in the ladnej , a large infarct, is shown in figure 2 

1 1 nm mdebted to Dr G Burroughs Mider for review of tho histologic material 
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Fia 2 Infarct or the KiDjnrr 

Swim atraln mouse, 8 da ya titer eubcataneouB injection of 20 mpn of f-methyl / 4 
napathobydroquinone dipropionate II tDd E, X 45 

CHRONIC TOXICITY 


Fifty-four Swiss or CjH mice received periodic subcutaneous injections of 
f-methyi J 4 naphthoquinone or f -methyl 1 ^-oapbtbohjdroquinono dis- 
solved in 0 1 cc of sesamo oil per dose as follows 


KCKIU 1 
Of «n 

COWNWITD 

Don 

UfJtlllUM PCTOVAL 

TOTAL 

DO** 
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M4*. 

10 

* rnothyl 1 4 naphthoquinone 

0 5X8 

Every other day 

4 0 

10 1 

i methyl 1 4 naphthoquinone 

10X8 

Every other day 

8 0 

14 

*-methyl / 4 naphthoquinone 

1 0 X 18 

Thrice weekly 

18 0 

10 

f-methyl 1 i-oaphtbohydro- 
qalnone 

0 5X8 | 

Every third day 


10 

f-mothyl t 4-naphtbohydro- 
qulnone 

10X5 j 

Every third day 

5 0 
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Ulceration at the site of injection developed in about half of the Swiss mice, 
and in three of the 14 CjH mice There was little cumulative toxocity of 
the compounds administered at these intervals, since there were no deaths 
or toxic symptoms 

Under the conditions of the experiment, and as compared with the controls 
which received sesame oil injections, there was no retardation in the gain of 
weight of the animals, and no significant drop m the erythrocyte count or 
hemoglobin 

Histologic sections of the hver, kidneys, spleen, adrenals, lungs, heart, 
brain, and genital organs were studied in 29 mice, killed from 1 to 60 days 
after the final administration of the compounds No significant or consistent 
morphologic changes a ere observed in any organ No vascular congestion 
or kidney hemorrhages were seen The subcutaneous tissue at the site of 
injection showed a subacute inflammatory reaction 

SUMMARY 

The acute and chronic toxicity of six naphthoquinones with vitamin If 
activity v ere studied m mice The compounds at high doses are respiratory 
depressants and produce acute vascular congestion which is sufficient to cause 
hemorrhagic extravasation in the renal tubules and in the liver 

No weight loss, anemia, or morphologic changes were observed in mice 
which were injected subcutaneously with 4 to 18 mg m of 2-methyl-l ,4- 
naphthoquinone during 3 to 6 weeks 
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While sulfanilamide has been extensively investigated from the standpoint 
of its action on pathogenic organisms the effect on the hoet, when it is admin 
istered repeatedly deserves further consideration Barlow (1) administered 
0.25 grams per kilogram dail> to rats for 9 weeks without observing any 
deletenous effects. Marshall, Cutting and Emerson (2) fed sulfanilamide to 
young rats for 70 days they found no significant effect on the growth rate 
and observed no pathological lesions Moll tor and Robinson (3) administered 
0 6 and 1 0 gram of sulfanilamide per kilogram to rata for 120 days without 
effect even on the growth rate Two grams per kilogram per day produced 
rapid loss of weight and death between the 19th and 00th day They found 
that after 10 dayB of daily administration the toxicity of sulfanllamido was 
Increased 

We ha vo investigated the effect of repeated administration of sulfanilamide 
on a the susceptibility as measured by the response to a median lethal dose, 
b the oxygen consumption of excised liver tissue and c, the toxicity of gulf anil 
amide in vitro to liver tissue 


EXPEKTUXNTAL 

The change in susceptibility after repeated administration of sulfanilamide 
Preliminary experiments showed that tha mtrapentoneal dose required 
to kill 60 per cent of a group of 4 month old malo rats (the Median Lethal 
Hoee) was approximately 2.5 griuna For all lethal dose determinations 
the sulfanilamide was administered as a 76 mgm. per cubic centimeter sus 
pension in a 6 per cent acacia solution 
Two group* of 4 month old rats were used. The experimental group 
received 0 4 grama of sulfanilamide per kilogram twice a daj for 14 days, 
given wtrapcntonenlly in 0.8 per cent aqueous solution. Tho total volume 
of solution injected amounted to about 10 co Tho control group received 
an equivalent \ olume of 0 43 per cent sodium chloride solution which is iso- 
°«motio to the sulfanOamldo solution. Twenty four hours after the last 
injection the rats were given a single dose of 2 6 grams of sulfa nilaimdo per 
215 
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kilogram intrapentoneally The percentage of deaths in the groups is shown 
in table 1 The dose of 2 5 grams per kilogram which our first study showed 
to be approximately the L D 60 is now seen to the nearer the L D 60 This, 
however, does not affect the principle of the procedure The results show 
that there is a statistically valid (4) decrease in the percentage mortality 
from a dose of 2 6 grams per kilogram in the groups which had received 
previous treatment with sulfanilamide This indicates an acquired tolerance 
In addition, an interesting sex difference is shown A far greater percentage 
of the females died in both the control and treated groups 
An approximate determination of the Median Lethal Dose was made on 
twenty four male rats one month old and found to be 1 8 grams per kilogram 

TABLE 1 

The rttponse of groups of rats to a dose of £ 5 grams per kilogram of sulfanilamide 
administered tnlrapenUmeallg 

Treated rats received 0 4 gram of sulfanilamide per kilogram twice per day Untreated 
rats received equivalent volumes of sodium chloride solution 
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This confirms the finding of Mohtor and Robinson (3) that young rats are 
more susceptible to sulfanilamide than older rats 

The change tn oxygen consumption of excised liver tissue after repeated 
administration of sulfanilamide 

Four-month old male albino rats in groups of 8 to 12 were used Animals 
of the experimental groups received 0 4 grams of sulfanilamide per kilogram 
twice daily One group was treated for two weeks, another for four weeks and 
a third for six weeks The control group received saline injections twice 
daily for 2 weeks Twenty-four hours after the last injection each animal 
was killed by a blow on the head and the liver was immediately excised and 
sectioned The rate of oxygen consumption was determined on six sections 
of tissue run simultaneously in simple respirometers The medium employed 
was Tnairnnnlmn Ringer’s solution to which was added glucose to 0 1 per cent, 
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it was buffered to pH 7 2. with 0 16 molar phosphate buffer In the present 
paper tissue respiration (QOi) is expressed in cubic centimeters of oxygen 
absorbed per gram wet weight per hour at 38°C and 760 mm Hg atmos- 
pheric pressure There is ordinarily some variation (usually about 10 per 
cent) between QOi of various sections taken from the same organ. V7e have 
considered the mean QO* of all tissue sections used in the some manner as the 
value for the particular animal 
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For brevity all the data gathered (6) are summed up in figure 1 in which 
we have shown the relationship between QOi values and the duration of 
sulfanilamide treatment Each point on the curve represents the arithmetic 
mean of at least eight animals It can be seen that there is the usual diminu 
tion in the rate of oxygen consumption with the lapse of time after excision 
which is approximately linear in the control animals The experimental 
group which had received sulfantlamido twice daily for two weeks shows a 
si gn ifi c a nt elevation of the QOi only during the first hour This may perhaps 
be attributed to an oxygen debt m the tissues of the animal The 4 week 
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expenmental group shews no significant deviation from the control group 
The six Reek group, how ever, shows a significant elevation at every point 
measured The significance of this deviation has been tested with one of 
Fisher’s methods for dealing with small samples (6) and results in probabilities 
of the order of 1 m 100 that the elevation could have occurred by chance 
Since the normal trend of the basal metabolic rate in the age range of our 
animals is downward (7) this effect is not due to increasing age 
A possibility exists that temperature changes occurring daily in the animals 
might account for these results We therefore determined the effect of this 



Fin 2 The Effect of 0 i Grams of Sulfanilamide peb Kilogram Intba- 
HERITONEALLT OV THE RECTAL TEMPERATURE OP THE ALBINO Rat 


dose of sulfanilamide on the body temperature A typical experiment is 
presented in figure 2 It is apparent that sulfanilamide m this dose lowers 
the body temperature from 5 to 10 per cent as a maximum, well outside of the 
normal variation for homotherms This effect has been followed for two 
weeks and occurs throughout that tune With two doses daily the rats must 
have been below normal body temperature for a considerable part of the day 
We may assume that the decreased body temperature has given rise to an 
increase in metabolic rate Since the metabolic rate of excised tissue should 
show a d efini te relationship to the metabolic rate of the intact animal (S) 
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this temperature effect may possibly account for the increased tissue 
respiration. 

The change tn toxicity of sulfanilamide in vitro to liver tissue of rats after repealed 
administration of ruIfanUaimde 

The same groups of rate in the above experiments were made use of in 
another way Following a preliminary determination of the QO» of liver 
slices, 16 mgm of dry sulfanilamide was nnsed m from the sidearm of the 
resplrometer vessels of each of three samples The other three were con 
turned without such addition and, from the normal diminution of their rates 

TABLE 2 

Percentage dtcrvatt tn the ralt of oxygen eonrumplton of excited liver list u* with and 
without the addition of tnlfornlamide in nlro 


R*ti which h»d previously rewired ■uHanilamide were given 0 4 gram per kilogram 
twlee per day Each figure represent* the rnesn of 8 to 12 esses 
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Control 
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correction was made to determine the exact offect of the added sulfanilamide 
The percentage decrease from the first hour QOj was calculated and the values 
given in table 2 are means of at least 8 rats Iso evidence could be demon 
strated by this means of tolerance to the daflj injections of sulfanilamide. 

DrecuBsioN 

A tolerance to sulfanilamide can be produced in rata by administering the 
drug for a period of tone We have shown that if a group of rata is treated 
with twice daily administrations of sulfanilamide for two weeks the per 
cents ge of that group dying from a Median Lethal Dose Is less than that of a 
control group This is in contrast to the increased toxicity found bj Mohtor 
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and Robinson (3) We think this difference is due to different routes of 
administration Perhaps m their work, when the lethal dose was determined 
some 8ulfaml amide remained m the gastro-intestinal tract, or m the body, 
from the last of the daily doses, or perhaps the final dose was more rapidly 
absorbed, as a result of the previous oral administration, leading to an appar- 
ent increased susceptibility 

Smce it has been suggested that respiratory mech anisms are intimately 
involved m the action of sulfanilamide in the body (0) it was of considerable 
interest to see if any change could be detected in the QOj of a tissue such as 
liver even though it has been reported (3) that there is no change m the basal 
metabolic rate of the intact animal The observation that the QOj is sig- 
nificantly elevated m the first hour after death m animals treated for two 
weeks with sulfanilamide is interesting but difficult to interpret We have 
entertained the idea that this may be a reflection of the general state of the 
animal m which the blood picture should be considerably upset (10) and so 
may be of the nature of recovery from an oxygen debt 
The elevation of the QOj at the six week period is of more theoretical 
consequence The simplest interpretation would attribute this rise simply 
to a physiological adjustment of the mechanisms of heat production due to 
the reduced body temperature Smce this would be an interesting point 
physiologically we have undertaken to answer this question later 
We have thought of the possibility that tolerance might be demonstrated 
by changes in cellular respiration The likelihood still remains that for other 
drugs a simple and sensitive determination of tolerance could be made m this 
way In the case of sulfanilamide, although we have clearly shown by m 
vivo studies that tolerance was developed, there was no decrease in suscepti- 
bility of the tissue respiration mechanisms to this drug In fact at the two- 
week interval, when tolerance had developed, the liver tissue gives some 
indication of slightly increased sensitivity to added sulfanilamide 

CONCLUSIONS 

Twice daily mtrapentoneal administration of 0 4 grams of sulfa ni l ami de 
per kilogram to rats produces a decrease m their susceptibility to a dose of 
2 5 grams per kilogram intrapentoneally 
Female rats are more susceptible than males to sulfanilamide The L D 
50 for 1 month old rats is much less than that for 4 month old rats 
Liver tissue from rats which had received sulfanilamide twice daily for six 
weeks shows a slight elevation m QOi We have found that the body 
temperature was lowered by these doses and attnbute the increased QOj to a 
physiological readjustment 

Susceptibility to sulfanilamide, as measured by the QOi of excised hver 
tissue, is not decreased by daily administration of sulfanilamide 
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A survey of the literature dealing with the toxicity of cadmium shows that 
there exists considerable information on the acute toxicity of this metal, but 
that studies of chrome toxicity are practically limited to the reports by Alsberg 
and associates (1, 2), and Prodan (3) An adequate review of the literature 
has been published by Prodan (4) 

In addition to the observations of these workers, there are reports which indicate 
that cadmium may bo a general protoplasmic poison Gorber (5) showed that cadmium 
retarded the action of various renmns, and that the activity of amyinses (6) might be 
either retarded or completely checked, depending upon the cadmium concentration 
A 60 per cent inhibition of the proteolytic action of papain by a concentration of 
I 3 X 10~‘ mols of cadmium per liter haa been demonstrated by Krebs (7) An m 
hibitory action of cadmium on catalase and peroxidase activity has been shown by 
Zlataroff (8), and a distinct retardation of the inversion of Bucrose and the transforms 
tion of acetic acid by dried yeast in the presence of low concentrations of cadmium, by 
Kostytschew and Medwedew (9) According to Athanasiu and Langlois (10), cad- 
mium sulfate, in a concentration of 0 18 to 0 2 parts per 1000, completely inhibited 
lactic acid fermentation Kochmann and Grouven (11) succeeded in killing protozoa 
with 1 300,000 cadmium chloride Mathews (12) reported that cadmium was more 
toxio to the eggs of Fundulus hctcrodilus than was zinc, the concentration of the least 
toxic dose of cadmium being N/12,500 

In perfusing cadmium sulfate through isolated hearts of frogs and turtles, Athanasiu 
and Langlois (10) demonstrated a decrease in both the rate and force of the heart beat 
Salant and Connet (13) perfused frog hearts and showed that a concentration of 
1 1,000,000 cadmium acetate m Ringer solution caused a slight diminution in frequency 
and a marked decrease m force of the beat after perfusion for 2 minutes In another 
experiment the same concentration of cadmium caused complete arrest of the heart 
mlS minutes Hartwich (14) perfused frog kidneys with cadmium chlondo solutions 
and produced a diuresis which paralleled the velocity of the perfusion flow Athanasiu 
and Langlois (10) studied the action of cadmium on blood of dogs in vitro and in vivo, 
and reported marked hemolysis, formation of hematin and an increase in free serum 
globulin 

Schwartzo and Alsberg (1) conducted chronic feeding experiments with cadmium on 
17 cats for different periods up to 64 w eeks The data on six cats were discarded becaueo 
quantities of cadmium of 250 to 1,000 parts per million parts of food made regular 
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feeding* lmpo**!ble In tbe*e anlmsls, eroetii uid refusal of food were frequent and 
loo of wrifbt occurred. The remaining 11 cat* were given 100 grama of meat dally 
for fire day* of tb* week, and 150 gram* on Saturday with the aame absolute amount 
of cadmium aa on each of the other 5 day* The cate receiving 200 part* or lose of 
cadmium per million part* of food either maintained or Increased their weight, although 
there waa occasional eme*ii or refu«a] of food There waa no evidence of a systemic 
cumulative action. Analytical data e towed that cadmium waa stored mainly in the 
liver and kidney and aometimea in the apleen When large dose* were given during 
long period* absorption wa* more rapid than eieretion Elimination of stored cad 
mium took place through the kidney*. 

John*, Finks, and All berg (a) atudied the influence of ingested cadmium chloride 
on the growth of rata. They reported that a dirt containing 250 or mors parts of 
cadmium per million parts of diet permitted little or no growth and caused early death. 
When the diet contained 125 part* per million of cadmium, tbs Initial growth waa nor 
mal but male rata died within 50 days, whereat three of the fire females lived much 
longer When the concentration of cadmium was lowered to 62.5 parts per million, 
the food Intake and rate of growth remained normal The food Intake increased as 
the couoentratlon of cadmium in the diet decreased but whether diminished food 
Intake was the sole cause of lowered growth rate* was not determined. They observed 
no cumulative action when the daily cadmium intake was 0.56 mgm. per rat. 

In view of these general observations on a variety of toxic actions by 
cadmium, it might be expected that continued feeding of cadmium-containing 
diets would produce anemia, lorn of appetite diminished food intake and 
retardation of gr owth. There also might be criteria of chronic toxicity other 
than those described thus far Because of the inquiries that continue to be 
received concerning the potential public health hazard from cadmium plated 
articles it appeared desirable to repeat the feeding experiments with diets 
containing various concentrations of cadmium. The use in this laboratory 
of a standardized rat colony in which individual variations in growth rate are 
minimal, together with the possibility of discovering new criteria of chronic 
toxicity encouraged the further investigation of this metal. 

PHOCKDtTHE 

Standard male albino rats weighing 60 (±6) grams were placed on diets 
containing 0, 0 0031 0 0062, 0 0125, 0 025 and 0 05 per cent of cadmium 
aa cadmium chloride. The basic diet (15) was that ordinarily used in this 
laboratory This permits good growth, good reproduction and long life. 
All animals were weighed and their food intakes determined at weekly in- 
tervals, for a period of 100 days. During this time they were observed 
carefully for any gross evidences of toxicity and the blood was examined 
to detect possible alterations After noting bleaching of the incisor teeth 
in the experimental animals special procedures were designed to study this 
symptom of toxicity These are described in detail in the section dealing 
with the teeth. At the end of the experimental period all animals were killed 
and autopmed according to the procedure previously described (16) the 
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general appearance of the organs noted, the organs weighed and saved for 
histological examination 

Growth and food intake 

The data on growth rates are presented as curves in figure 1 The re- 
tardation in growth became more pronounced with increasing concentrations 



25 50 75 100 

DAYS on Diet 

Fio 1 Decreased Growth Rates Due to the Presence op Cadmium en the Diet 

of cadmium m the diet A stunting of growth was evident on a concentration 
of 0 0062 per cent cadmium In the absence of data on this and higher 
concentrations, the slight effect produced by 0 0031 per cent cadmium would 
be of doubtful significance, but when considered m conjunction with the 
higher levels, it appears that even this low concentration of cadmium was 
not without effect on growth rate The food intake decreased progressively 
as the concentration of cadmium in the diet increased Paired feeding 
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experiments were not made to determine whether or not the decreased rate 
of growth was due entirely to diminished food intake or involved a specific 
toxic action traceable to the cadmium Such experiments were intentionally 
omitted because other criteria of toxicity were sufficient to establish a case 
against cadmium. In figure 1 the time at which the first death occurred 
on each dosage level has been indicated. There is a definite correlation 
between the time up to the first death and the concentration of cadmium m 
the diet. 



Fio 3 Hucotmoif or N omual Oroittb Burr on Ktturx to Control Dot 

Since 0.0125 per cent cadmium in the diet had a marked effect on growth 
rate, this dosage level was selected to determine whether or not the stunting 
of growth was a permanent injury Rats which had been on a diet containing 
0 0125 per cent of cadmium for 84 days were returned to the control diet. 
The curves in figure 2 show that the rats rapidly attained a normal rate of 
growth, indicating that so far as this criterion of toxicity is concerned no 
permanent injury resulted from ingestion of the cadmium 

Blood 

Continued feeding of cadmium, even on a dosage level as low as 0.0031 
per cent, produced anemia of sufficient seventy to causa a distinct decrease 
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id color of the normally pink eyes of the albino rat When the concentration 
of the cadmium in the diet was 0 0062 per cent or more, hemoglobin readings 
dhopped from a control value of about 16 5 to 3 or 4 grams per 100 cc of blood 
within 2 to 3 months, and in one case to 2 6 grams This marked anemia was 
apparent m several groups of animals, and was accompanied by a lower, 
though not proportionally lower, number of red cells Amsoeytosis and 
poikilocytosis were present When the rats were again given the control 
diet m place of the poisoned diet, they not only exhibited a remarkable in- 
crease in growth rate, as mentioned previously, but the anemia disappeared 
within 3 or 4 weeks, judging by the color of the eyes 
The final group of rats, eating the 0 0125 per cent diet, was used for the 
sole purpose of following the blood picture, and was the only group that did 
not have as severe an anemia The loivest recorded values in this group, 
in animals kept on this diet for 3 to 7 months, were 6 0 and 5 2 per cent 
hemoglobin Growth curves were not obtained for these animals, but their 
general appearance indicated that they wero less severely poisoned than 
previous groups on the same diet No reason for the difference m behavior 
was apparent During this period between the third and seventh months, 
the number of erythrocytes ranged from 6, 750,000 to 1 0,050,000 per cu mm 
as compared to control values of around 8,000,000 to 10,000,000, the cell 
counts tended to be lower in those animals with the lower hemoglobin values 
\ The number of reticulocytes gradually increased from a normal value of 1 
to 3 per cent until they accounted for 6 to 8 per cent of the red cells The 
white cell count remained normal, as did the differential white cell count, 
except for a suggestion of an increase in number of eosinophils towards the 
close of the experiment The bone marrow from the poisoned animals was 
very hyperplastic as compared with the marrow of normal animals In 
histological sections there was almost complete absence of fat cells, and 
myeloid cells were approximately twice as numerous as in sections from 
control animals A study of marrow' smears w r as not made, but no significant 
qualitative abnormalities were noted m the tissue sections 

Effects on teeth 

The most surprising and most delicate criterion of chronic cadmium poison- 
ing m the albino rat was found to be the production of bleached incisors 
similar to, if not identical with, the bleaching produced bj fiuonne Special 
feeding experiments designed to studj this phenomenon demonstrated that 
an unmistakable degree of bleaching of albino rat incisors was produced by 
diets containing 0 0016 per cent of added cadmium in the form of cadmium 
chloride On this dosage level the rats grew normal]} and showed no evidence 
of anemia, or cardiac hypertrophy such as described below 

This unexpected and striking observation raises sei eral questions Is the 
enamel defect produced by cadmium the same as that caused by fiuonne? 
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Does cadmium per sc produce the effect? Poes cadmium sensitize or pre- 
dispose the animal to the action of the eubminimal amounts of fluorine 
unavoidably present in the diet? In other words, are the effects of cadmium 
and fluorine synergistic or additive? The following three seta of experiments 
were made to obtain data relative to these questions 

Early in these studies and in those reported elsewhere (17, 18) on the 
synergistic action of thyroid on fluorine toxicity we found that a graphic 
method of recording incisor tooth color was a great convenience. When the 
mcisors of the young rat first erupt they are completely white. The antenpr 
enamel surface of the mcisors soon acquiree a light brownish tinge, which 
rapidly darkens until it nearly reaches the depth of color seen in tho incisors 
of the normal adult rat (17) The final Increase m coloration is a rather slow 
process For graphic representation of these color changes tho degree of 
coloration was plotted against time. Complete bleaching was represented 
by +++, and ’ indicated the brown color seen on the tooth of the 
normal adult albino rat while “++/ and corresponded to inter 

mediate degrees of bleaching This arbitrary evaluation of the degree of 
bleaching permitted the observer to duplicate closely his estimation of the 
degree of bleaching oven when not knowing which animal was being examined 
and the estimation of one observer agreed well with that of another For 
purposes of plotting, the designations assigned to the individual animals 
in each group were averaged 

In the first experiment four groups of 4 to 6 rats each were usod The 
first group reccivod the usual untreated control diet Tho second group 
received tho same diet plus 0 0014 per cent, or 14 parts per minion, of fluorine 
as sodium fluoride The third received a control diet containing 0 0031 per 
cent of cadmium as cadmium chlorido The fourth group was fed control 
diet with both 0 0014 per cent fluorine and 0 0031 per cent cadmium The 
effects on the color of tho incisor teeth are shown graphically in figure 3 

It is seen that the control rats developed normally colored teeth in the 
usual manner, but that the group receiving 0 0014 per cent of added fluonno 
retamed a distinctly noticeable degree of bleaching This observation 
confirms previous reports (10) from this laboratory The control diet plus 
cadmium produced a decidedly greater degree of bleaching and the combina 
tion of fluorine and cadmium an even greater bleaching action Tho four 
groups considered as a whole do not answer the question as to whether or not 
cadmium is effective per ee, the action with fluorine being additive, or whether 
it acts by sensitizing the animal to the small amounts of fluorine native to the 
basic diet 

The moat direct method for answering this question would be to compare 
a control group of animals on a basic diet known to be free of fluorine with a 
group of rats on the same fluonne-frcc diet but containing cadmium. If the 
incisors were bleached cadmium would be the causative agent if there were 
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no bleaching, then, in the previous experiment, the cadmium action must 
have been a sensitisation to fluorine Unfortunately the preparation of a 
fluonne-free diet has not yet been accomplished The nearest approach to 
this was probably made by Sharpless and McCollum (20) Circumstances 
precluded the preparation of such a low-fluonne diet in our investigation 
However, it seemed reasonable to assume that the bone ash used m the prepa- 
ration of the basic diet was the principal source of the fluorine The above 
experiment was therefore repeated with the following modifications The 
bone ash was omitted from the basic diet, but approximately the same con- 



Fia 3 Bleaching op Rat Incisobs bt Futoeinb and Cadmtdm 

centrations of calcium, magnesium, and phosphorus were attained by the 
addition of appropriate pure chemicals Three groups of 3 rats each were 
used The first group received the supposedly low-fluonne basic diet The 
second group received the same diet plus 0 0062 per cent cadmium The 
third group received the basic diet plus 0 0062 per cent cadmium and 0 0014 
per cent fluorine The data of this second experiment are shown graphically 
m figure 4 

The curve for the control group shown m figure 4 drops more abruptly 
toward the base line and remains closer to the base than does the correspond- 
ing curve in figure 3 This means that the control rats developed a deeper 
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color of the incisor teeth and did bo more rapidly m this experiment than in 
the former indicating a lower native fluorine content m the basic diet The 
other two curves of figure 4 show that the teeth started to color but in about 
14 days a bleaching effect became evident and proceeded rapidly thereafter 
In new of the low native fluorine content of this diet these results suggest 
but do not provo conclusively, that cadmium per sc can cause bleaching and 
that the action is not due to a sensitisation of the rats to fluorine present in 
the diet Two experiments si mi l ar to those shown graphically in figures 3 
and 4 were performed using a cadmium concentration of 0 0016 per cent. The 
results obtained were substantially the same as with the higher concentrations, 
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Fia 4. Bliuwtho or Rat Ikcxsom st Fluoeiwb a to Cadmium 

but did not lend themselves to graphic representation because observations 
were too infrequent in the earlier stages of the experiment. 

A third and final attempt to obtain data on the points in question was 
made, using a different type of diet of low fluorine content. The basic diet 
employed was that used by Mac Kay and Callaway (21) This diet contained 
25 per oent casein 40 por cent cornstarch, 16 per cent butter fat 10 per cent 
lard 5 per cent brewer’s yeast, and 6 per cent salt mixture In preparing 
this diet, the Os bom e-Mendel salt mixture was used omitting the sodium 
fluoride Since the other constituents could contribute only small quantities 
of fluonne the resulting diet presumably contained httio native fluorine. 
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The low native fluorine content of the diet was indicated by the rapid and 
complete coloration of the control rat incisors, and by observations made 
during the investigations on the synergistic action of thyroid on fluonne 
toxicity (17) It was noted m these studies that the basic diet (15) usually 
employed permitted the dev elopment of incisor teeth with normal color at a 
fairly rapid rate, the native fluonne content being too low to cause a bleaching 
action, but that after the addition of powdered thyroid to the diet the fluonne 
present did cause sustained bleaching However, when thyroid was added 
to the MacKay and Callawaj diet, bleaching was only temporary, indicating 
a much lower native fluonne content 

A control group of rats and two experimental groups were placed on this 
diet exactly as in the preceding experiment The data for this expenment 
are not given graphically for the results were nearly identical with those 
shown m figure 4 

There remain to be discussed two other observations which suggest that 
cadmium itself is effective m producing bleached incisors and that the action 
is mdependent of that of fluonne The manner of bleaching by fluonne 13 
fairly uniform The more rapidly growing lower incisors bleach first, and 
the bleaching of these is quite advanced before an effect is noticed on the more 
slowly growing upper incisors The lower incisors usually show- typical 
brown and white stnations, although, when young rats are placed on a high 
fluonne intake, complete bleaching maj occur so rapidly that the intermediate 
stage of stnation is not observed The bleaching observed in rats receiving 
cadmium deviated somewhat from the above The upper incisors usually 
became completely bleached before the lower incisors lost all color The 
rapidity of the bleaching produced by cadmium was greater than that pro- 
duced by fluonne, and stnations have never been observed on the incisors of 
rats receiving cadmium This last observation may be due to the rapidity 
of bleaching 

The other interesting observation suggesting that cadmium is effective 
per sc, is concerned with the action of cadmium upon the enzyme bone phos- 
phatase tn vitro Others have found an inhibition of certain enzymatic 
actions when cadmium was present It has previously been demonstrated 
in this laboratory that fluonne exerts a toxic action on the activity of bone 
phosphatase (22), both m vitro and m vivo, and it has been suggested that 
this action is important in bone and tooth development Accordingly, 
observations were made of the effect of vanous concentrations of cadmium 
chloride on the ability of an active bone phosphatase preparation to liberate 
phosphate ion from the substrate sodium glycerophosphate The method 
was that of Jenner and Kay (23) The expenment was repeated three times, 
using ca dmium chlonde concentrations of 10 - *, 10 *, 10 -5 , IO -5 , 10 7 , and 
1 q-» jf, and the mean values for phosphatase activities were 8, 10, 16, 66, 70, 
and 89 per cent, respective!} , of the activit} m the absence of cadmium 
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Sin re a concentration of 10" 1 N cadmium chloride was required to produce a 
perceptible decrease m color development in a phosphate standard, the 
inhibition was on the phosphatase activity and not on the color development 

Effects on organ imghls 

At the time of autopsy, weights were obtained of the adrenals, kidneys, 
heart, testes, liver and spleen of each animal, m the same 'way as described 
previously (16) Organ weights of rats receiving 0 026 and 0 05 per cent 
cadmium m the diet did not differ markedly from normal because these 
animals did not survive long enough to permit development of charges 
Statistically significant increases in organ weights were found for the adrenals, 
kidneys heart, and possibly the spleen, In rats receiving a dosage of 0 0125 
per cent cadmium in the diet for 100 days The most striking weight incre- 
ments were found m the heart The hearts of the rata receiving 0 0031 per 
cent cadmium in the diet were normal m weight. All of the rats eating the 
diet containing 0 0126 per cent cadmium had markedly enlarged hearts the 
mean weight being almost double that of the appropriate controls The mean 
weight of the hearts of animals on the 0 0062 per cent diet was greater than 
that of their controls but this Increase was not very significant However, 
the data showed that the more highly poisoned rats of this group i e., those 
having the lowest body weights, had larger hearts than their heavier com- 
panions. Microscopic examination of the hearts showed definite evidence 
of hypertrophy of the cardiac muscle in those animals receiving 0 0126 per 
cent cadmium 

Several investigators have reported kidney damage m cases of cadmium 
poisoning It is known that certain types of kidney damage produce hyper 
tension which m turn leads to cardiac hypertrophy Such a mechanism was 
at first considered as responsible for the cardiac enlargement observed in tho 
cadmium-poisoned rats but the hearts were uniformly enlarged and did not 
show the hypertrophy limited to the left ventricle as would be the case if 
hypertension were the causative factor In the section dealing with the 
effects on blood the continued feeding of cadmium was shown to produce a 
severe anemia. Daniels and coworkers (24, 26) found that In the rat severe 
anemia resulted m a marked hypertrophy of the heart We therefore suggest 
that tho rats chronically poisoned by ingestion of cadmium developed cn 
larged hearts secondarily as the result of the severe anemia produced by the 
cadmium Stephens (26) in 1020 reported several human cases of industrial 
cadmium poisoning His findings were concerned mainly with the liver but 
he did report evidence of chronic interstitial nephritis and cardiac hyper 
trophy In one case 

The increased weights of kidneys and spleens of the rats receiving 0 0126 
per cent cadmium are in harm on} with the observations made on the histology 
of these orgnns. 
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Histological findings 

Histological e laminations were made of sections of tissues stained with hematoxyhn- 
eosin The heart, lung, spleen, kidney, and liver of all rats were examined, and in 
some cases the testis, pancreas, stomach, intestine, adrenal, and thyroid The’ammals 
on the two highest doses of Cadmium, 1 e , 0 05 and 0 025 per cent, showed frequent 
anatomioal changes m the pancreas, liver, kidney, and spleen 

The pancreas was not sectioned from the animals on the 0 05 per cent cadmium diet 
nor from one animal of the 0 025 per cent group, but m three other rats of this group 
the pancreas showed marked atrophy with complete replacement of many acini by fat 
tissue There was evidence of variable subacute pancreatitis The islets of Langor- 
hans were still present and were sometimes isolated in regions where all acini had 
disappeared 

The livers from animals receiving 0 05 per cent cadmium showed sbght separation 
of the cells and frequent vacuolation suggesting that the cells contained hpoid droplets 
One liver showed a number of focal areas of necrosis, mostly near the lobule centers 
The livers of rats receiving 0 025 per cent cadmium showed no definite recent necrotic 
foci, but all showed atrophy of cells in the lobule centers, and in one liver there was 
infiltration of lymphoid cells associated with slight proliferation of cellular fibrous 
tissue in these regions 

The kidneys of all animals on the two highest doses of cadmium showed Borne swelling 
and granulation of tho epithelium of the convoluted tubules and formation of hyaline 
and granular casts, a few of which contained desquamated epithelial cells The 
glomeruli showed no detectable abnormality 

The spleens from most animals receiving the two highest doses of cadmium showed 
slight hyperplasia of the reticulum cells 

The hearts of rats in these two groups were normal, suggesting that rats on tbeso 
high doses of cadmium did not survive long enough to permit development of cardiac 
hypertrophy 

The organs of rata receiving 0 0125 per cent cadmium for 100 days Bhowed similar, 
though somewhat more marked, changes The heart muscle was definitely hyper 
trophied, and in three animals it showed slight to moderate irregular subacute myo 
carditis with foci of cellular fibrous tissue proliferation Tho spleens of these rats 
showed somewhat more hyperplasia than thoBe of the animals on the two higher dosage 
levels Five of the eight rata on this dosage of cadmium had bvors in whioh the lobule 
oenters showed focal areas of disappearance of liver cells and infiltration of lympho- 
cytes with proliferation of cellular fibrous tissue These lesions were more pronounced 
than those in the larger dose groups, although the fivers of three of the eight rots showed 
no demonstrable lesions Sections of pancreas from each of eight rats showed marked 
atrophy with scattered lymphocytes m the stroma The kidneys all showed ohanges 
of the type previously described Three rats maintained on a diet containing 0 0125 
per cent cadmium for 84 days and subsequently returned to the control diot for 103 
days showed relatively little anatomical abnormality, although there were a few casts 
in the kidney tubules The thyroid of one rat appeared unusually filled with non- 
vacuolated colloid and the follicular epithelium showed less evidence of proliferation 
than usual 

Hats receiving half this dosage, or 0 0062 per cent cadmium, showed less marked, 
but definite, similar changes in the fiver, spleen, pancreas, and kidneys Liver lesions 
were found m only two of the group, and pancreatic lesions in four of eight animals 
examined Many animals in this group had ulcers of the colon 

In the group of rats receiving 0 0031 per cent cadmium m the diet the lesions were 
even less marked None of the fivers showed demonstrable necrosis, though several 
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■howvd fod of lymphoid cell* The spleen* were considered no noil In 6 ani mals . Of 
11 ■nlrrf It in which the pxncrei* was examined, 8 were normjd, while three showed 
alight atrophy or pancreatitis. The thyroid* of two rata ah owed lew than the uraal 
evidence of activity 

Bummariring the evidence on pathological change* observed In stained tiuue sec- 
tions, It may b* atated that the moat •triking change* were found in tha heart, paocreaa 
and liver The latter ah owed focal necrose* with tome inflammatory reaction and 
local fibroua tlaaue proliferation The pancreas showad marked atrophy and pan 
matltis. The heart* were hypertrophied and a few ah owed alight irregular Inflam- 
mation and fibroin tiaaue proliferation. The apleena were hyperplastic, and the kid 
neya showed alight epithelial swelling and eaat formation. The frequency and eignlfi 
can c« of the ulcers of the colon could not be determined, since In many Instance* this 
organ was not sectioned. The change* observed In the various organ* were roughly 
proportional to the amounts of cadmium received by the animals. The relatively 
alight changes in animals receiving the largest dosages are probably to be explained by 
the abort survival time of the rats The organ* of xata receiving the smallest quantities 
of cadmium were nearly normal although some showed definite anatomical changes. 

Atrophy of the pancreas, together with observations of the frequent very- 
soft stools of cadmium-poisoned animals, suggested the possibility of poor 
digestion and absorption of fat This was briefly studied Three groups 
of rats (on the control 0 0031 per cent and 0 0062 per cent cadmium diets) 
had been fed for 100 days, and one group on the 0 0125 per cent diet for CO 
days Fecea were collected from these 4 groups dned at 80 C and ex 
haustively extracted with ether In a Boxhlet apparatus On the basis of dry 
weight, the weight of ether extract increased very slightly with increasing 
concentrations of cadmium In the diet This experiment was not repeated 
Smears were made from crushed feces, stained with Sudan IV, and examined 
microscopically for fat 'ftiere was no more stained material in the feces 
of the cadmium-rats than In those of the controls. Apparently there was 
little or no decrease in fat absorption 

discussion 

The effect of cadmium -containing diets on the growth of the white rat, 
as reported by Johns, Finks and Alsberg (2), has been confirmed by these 
experiments with only minor differences In our study the cadmium was 
found to be somewhat more toxic than these authors reported, and their 
suggestion of a sex difference has not been corroborated 

The blood picture as described In the literature Is not entirely consistent 
Prodan (4) In his review stated that in feeding experiments there was usually 
a decrease In hemoglobin, and an increase when the cadmium was adminis- 
tered through the respiratory system That this was not always the case 
was shown in his experiments with cats receiving 2 to 100 mg of cadmium 
daily in the food for 1 to 2 months (3) He found only one of his animals 
with an abnormal hemoglobin value and this was high. No anemias as 
severe as we found in rats seem to have been reported It la quite probable 
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that the cardiac hypertrophy observed in our animals was due entirely to 
this severe anemia The literature, in general, contains reports of a relative 
increase in polymorphonuclear leucocytes The white cell count in our rats 
remained normal, and the differential count was not modified to any sig- 
nificant degree 

Cadmium administered through the respiratory tract is said to produce 
histological changes m the lungs When given by mouth, the lungs have 
general^ been unaffected Most descriptions of the microscopic examina- 
tion of tissues mention changes in the kidneys variously described as nephritis, 
or fatty degeneration or infiltration of the tubules The description m this 
report indicates slight epithelial swelling and cast formation Cadmium is 
reported to produce fatty hvers, and Prodan (3) found occasional areas of 
necrosis m cats Areas of focal necrosis were the principal hepatic lesions 
m our rats Few other histological findings have been mentioned It is 
not always clear whether or not the other tissues were examined Prodan 
(3) specifically mentioned the pancreas as being nor mal m at least one case 
No pancreatic lesion such as that found in our rats seems to have been de- 
scribed previously 

Bleaching of the incisor teeth of the rats receiving cadmium was an un- 
expected finding It is the most delicate cntenon of cadmium poisoning 
i thus far observed, marked bleaching occurring with concentrations of cad- 
mium too low to affect the growth or general appearance of rats It appears 
to be a direct action of the cadmium, although the possibility of stimulation 
of fluoride action has not been entirely ruled out 

SUMMARY AND CONCLUSIONS 

Cadmium chloride was administered in the food to albino rats so as to 
check and extend the observations of previous investigators The following 
results were obtained 

1 Concentrations of 0 0031 per cent or more of cadmium in the diet 
resulted m decreased rates of growth, the greater effects being obtained with 
the higher concentrations of cadmium Death occurred progressively earlier 
with increasing concentrations of cadmium Rats receiving 0 1 per cent 
cadmium in the diet hved only a few days 

2 A severe anemia occurred m those rats eating diets containing as little 
as 0 0062 per cent cadmium Within 2 or 3 months the hemoglobin concen- 
tration had decreased to 3 or 4 grams per 100 cc of blood The number of 
erythrocytes decreased, but not to a proportionate degree The white cell 
count and the differential count remained normal The bone marrow from 
anemic animals was hyperplastic, suggesting that the marrow itself was not 
injured, which agrees with the observation of an mcrease in number of reticu- 
locytes m these animals 

3 The incisor teeth of the rats were bleached rapidly and markedlj , with 
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on unmistakable degree of bleaching apparent m animals on the diet contain 
mg 0 0016 per cent cadmium This action was probably caused directly 
by the cadmium although an increase in activity of fluoride m the presence 
of cadmium has not been definitely excluded 

4 The more severely poisoned rats had hearts which weighed nearlj twice 
as much as normal This cardiac hypertrophy was due presumably to the 
severe anemia Adrenals ladnevs, and perhaps the spleen were heavier 
than normal 

5 Histological examination showed hypertrophy of the heart focal necroses 
with some inflammatory reaction and fibrous tissue proliferation In the liver 
and marked atrophy and inflammation in the pancreas There were hyper 
plaaia of the spleen and, in the kidneys, slight epithelial swelling and cast 
formation. 
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Although a good deal is known about the metabolism of hormones and 
the end products into which they are transformed after performing their 
actions in the body, we have little definite information concerning the site 
at which they are inactivated Heavy overdosage with estrogenic com- 
pounds may lead to degenerative changes in the liver (1, 2) Furthermore 
Prncus and Martin (3) recently reviewed the evidence suggesting that the 
liver may play an important r61e in the inactivation of the estrogens hut there 
is no uniformity of opinion on this subject and even less is known about the 
site at which other hormones are detoxified The recent discovery that acute 
j overdosage with various steroid hormones (progesterone, desoxycortico- 
sterone, androgens, and natural as well as artificial estrogens) causes deep 
anesthesia (4, 6) suggested that the site of detoxification of these compounds 
might be investigated usmg the same methods which we had previously 
employed in our studies on the detoxification of other anesthetics We 
found that the median and left lobes of the liver of mice and rats may easily 
be removed after placing a single ligature around the hilum of both these 
lobes which together represent more than two-thirds of the total hver tissue 
Smce the remaining third of the hver rapidly regenerates, tests on such a 
preparation must be performed soon after the animal recovers from this 
relatively simple intervention Rodents thus partially hepatectomued 
Bhow a normal resistance to anesthetics such as ether or magnesium chlonde, 
which are not detoxified m the hver, but they recover very slowly or may 
actually die after treatment with comparatively small doses of an anesthetic 
such as tnbromethanol (Avertin), which is inactivated m the hver tissue (6) 

It was therefore, decided to take advantage of the newly discovered anes- 
thetic effect of the steroids to establish whether these are also inactivated in 
hver tissue 


METHODS 

Young female albino rate weighing 65 to 76 grama were used for these experiments 
aince previous observations indicated that females are more sensitive than males and 
that, in either sex, young animals are more sensitive than adults The steroid hor- 
mones used were desoxycorticosterone acetate, progesterone, a-estradiol and testos- 

239 



DETOXIFICATION OF ESTROGENS 


237 


terone benzoate. In addition to thwe «tilbe*trol (4 4L<ilhydroxy-i*^-diethyUtllbeDe) 
wu aUo twtad bwiuM it po«*ea*e* great eatrogenio activity although it L* not a n* 
t orally occurring hormone and doe* not contain the cyclopen ten ophenanthrene nn 
cleoacharacterittic of thotteroldj AJ1 theaeau balance* were administered in *olaUoni 
containing 20 mg of the active compound per ee of peanut oil fi mg were Injected 
Intraperi ton tally erery 30 minute* until the deal red aneatbetio effect wa* obvioo* 
The intraperitoneal route of admin’utration had to be ehoaen for when given otherwise 
absorption 1* not rapid enough to produce ane*the*ia 

Tbe partial hepatectomy *u performed by the Waelach and Bel ye technique (8) 
Sixteen hour* after the intervention ail animal* of this experimental aerie* were flr#t 
tea ted for their roditanoe to anesthetic* which ara not detoxified in the liver For this 
porpoae they were first deeply a nea the tiled with ether and one hour after recovery 
they were again anesthetized by aubcutaneoua adminiatration of 0 7 ee of a mngne*lum 
chloride aoJution Tbeae preliminary teat* confirmed that the interrention of partial 
hepateetoray doea not alter reaiatance to all ane*thetlca In the case of narcoali pro- 
duced by ether and magnealum chloride the time required to produce deep ancatheaia 

TABLE 1 


Influence of partial KtpaUcUmy on ruietanc* to acute ottrdouif* \ntk iteroid hormone* and 
thlbetiroi 


c«»otnr» 

TOT-ii ' 

MM 

DTTACT AJRUXU 

runiilT nrmcv 
rowttSB AxntAia 

Arwtkak 1 

D«ttU la 

r »TS* 

Aowtkwk 

DatDuta 

pjW 


W». 





Frogt* terone 

5 

Light 


Deep 

4 

De*oxycortlco*terotie acetate 

6 

Trane 


Deep 

S 

o-E*tradlol 

40 

None 


Light 


Tea to« terone benzoate 

40 

Noce 


Light 


8tdbextrol 

80 

None 


Deep 

6 


at well a* the time neceeaary to recover from it waa identical in the partially hepatec- 
temixtd and In the intact animal* After completion of these preliminary inveatiga 
tion* the animal* were used for the main experiment which waa rtarted hour* after 
the operation 

RESULTS AND DI8CUBSI0N 

Our observations tire summanxed in Table I which a self explanatory It 
will be seen that all compounds tested have a much more pronounced action 
in the partially hepatectomixed than in the intact control animals. Most 
probably the reason why estradiol did not produce as deep anesthesia as 
stilbestrol is that owing to its greater solubility tbe latter compound is more 
readily absorbed It seems likely that a delaj in absorption is also responsi 
bio for the relatively slight effect of the testosterone benioate in comparison 
with the much greater potency of the free testosterone described in our earlier 
publications. We should also like to draw attention to the fact that In the 
young animals of this senes, progesterone proved more active than desoxy 
corticosterone while in older animals the reverse was often observed 
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These experiments suggest that the liver plays an important r61e m the 
detoxification of steroid hormones The possibility that the resistance of 
the partially hepatectomized animals was decreased only in a non-specific 
manner as a result of the intervention can be refuted because our preliminary 
tests indicated that the ether and magnesium chloride resistance of these 
animals is m no way affected by the operation We must conclude, there- 
fore, that these hormones are either inactivated in the liver or else their 
inactivation outside this organ is dependent upon metabolic conditions 
regulated by the hver In view of the fact that several steroids are known 
to be inactivated by conjugation with other compounds (glucuronic acid, 
sulphuric acid) and that such conjugations occur mainly in the hver, the 
former appears to be the more likely theory 

BtTMMABT 

Experiments in the rat show that the anesthetic action as well as the toxic 
effect of acute overdosage by the intrapentoneal administration of desoxy- 
corticosterone acetate, progesterone, testosterone benzoate, a-estradiol and 
stilbestrol is greatly increased in animals in which the major part of the liver 
has been removed Smce this operation does not increase sensitivity to 
other anesthetics Buch as ether and magnesium chloride, but is known to 
; sensitize animals to the action of anesthetics which are detoxified in the 
hver (eg tnbromethanol), it appears most probable that the hver is the 
site at which all the above mentioned compounds are normally detoxified 
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The literature of chemotherapy Is large in relation to cancer, but small 
in the fundamental study of substances which will be concentrated in tumors. 
The review articles of Sugiura and Benedict (1) and, more recently, Shear 
(2), well illustrate this fact. The obvious importance of ascertaining the 
fate of injected substances in tumor bearing animals suggests that such 
studies are necessary correlariea of chemotherapeutio ones. This problem 
can only be approached with substances which can be estimated quontita 
tively in great dilation. Selenium oom pounds appeared interesting because 
of their relationship to sulfur metabolism physiological oxidations, and 
growth. Wo therefore decided to use these compounds for the first of a 
senes of experiments designed to study the ability of various inorganic sub- 
stances to penetrate into tumors. V, e believed that organic diselenide com 
pounds, being similar m structure to several physiological substances, were 
the most suitable form of selenium for metabolic and tumor studies. This 
type of selenium compound 1 was therefore used for expenmen ta In which 
we studied the distribution of selenium m the tissues, the penetrability of 
selenium into animal tumors and the effect of these selenium compounds on 
the growth of the tumors 

I. THE PENETRATION O T SELENIUM INTO TUMORS 

Expcnmtulal metXod The various organic selenium compounds to be Injected were 
tested for their toxidty on mice The minimal intravenous dose necessary to Jdll all 
a nim a ls In each tested group (at least 10 animals for each compound) was then estab- 
lished, and half of this L_D 100 vaa used for each injection In subsequent observations. 
This half L-D 100 doae waa used since It proved to be a quantity whioh ooald be ad 
ministered repeatedly In daily dosea without external evidence of abnormal reaction 
In the experimental animals. In the animals given diselenide mercury dlacetlc acid 
which did react abnormally In the latter days of the injection period, thla dosage was 
thereafter reduced. 

Adult male and female Strain A (Bar Harbor) mice were inoculated In the groin with 
sarcoma ISO Two weeks after inoculation when the tumors were definitely visible, 


* This is reprint No 618 of the Cancer Commission of Harvard University 
1 These compounds were synthesised for us by Dr Jesse O reenstein, who at that time 
waa in the Department of Physical Chemistry Harvard Medical School 
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daily injections of the selenium compounds were begun Theso injections were givon 
intravenously, in a tail vein, for 16 days, at the end of which timo the animals wore 
lolled by bleeding and their tissues anal) zed for selenium 

Analytical method Horn’s modification of the codoine sulfate renotion for the do- 
teotion of selenium (3) was adapted to work with animal tissuos and made roughly 
quantitative by tho use of colorimetric comparisons with selemum-sulfuno acid stand- 
ards Whdo our experiments were in progress, Gortner and Lewis (4) published details 
of a method which is m principle the same as the ono we used, with the added advantage 
of being a little more accurate (4) To a sulfunc acid and mercuric oxide digest of tho 



Fio 1 Distribution of Selenium in Tissues Following the Injection op Two 

Selenium Compounds 

Eight mice were given 16 daily intravenous injections of 0 6 mgm of diselenide 
diacetic acid (67 per cent selenium by weight) Three mice wero given 16 daily intra 
venous injections of 0 6 mgm of diselenide mercury diacetic acid (33 per cent selenium 
by weight), but appeared sluggish at times The five remaining mice m this group were 
therefore given 0 25 mgm daily for the 16 days, and exhibited no abnormal reactions 
The results are expressed in gamma (micrograms) of selenium per gram of dried tissue 

dried sample a codeine sulfate solution was added Whereas we mado eolonmetne 
comparisons one-half hour after development of the blue color, Gortner and Lewis 
kept the preparations for seven hours in the absence of light, thereby apparently ob- 
taining a greater stability in the blue color used for colorimetric comparison The 
order of accuracy which we obtained, however, was certainly sufficient for comparison 
of the selenium content of various tissues The advantages of tho colorimetric method 
over other existing procedures (5, 6) are chiefly simplicity of procedure and speed 

Discussion o' —•’trills 

(a) Penetration into tumor Figui lllustrn 4 Jesuits of these 

experiments It is apparent that ' q ' ' ! ’ ractwB 




DISELENTDES- DT TUJIOH BEARINQ ANIMALS 


241 


of the recovered selenium found in the tumor Furthermore, the concentre 
turn in the tumor averaged less than the concentration in muscle — except in 
the case of diselenide mercury diace tic acid with which there was a alight, 
though not significant, preponderance in tumor 

(b) Dutributum In all the experiments only a small portion of the m 
jected selenium was found m the tissues, a result which agrees with the work 
of other investigators (7 8 0) In experiments in which inorganic selenium 
was injected subcutaneously, Smith el aL found that 60 to 80 per cent of the 



Kianayj 

Fia 2. DisTmistmox or Belejuum rsr Tnurrxa Followiho Ixjicrrtojr or DruLEXiDE 
n-Duunraro Acid aitd Dimlbxide Mucubt n Daumio Aao 
Nine mice were given lfi drily intravenous Injection* of 1 mgm. of dlwlenlde-fi 
di butyric ecid (iS per cent •elenlanL by weight) fflx mice were riven 15 drily Intre 
vencru* Injection* of 0,6 mgm. died enlde mercury *-cD butyric arid (30 par oent eeiemium, 
by weight) 


injected wriemum was excreted in the urine, and from traces to 18 per cent 
in the feces 

Our diselemde-diacetio aad (CHjCOOH-So-Se-CHtCOOH) and di 
eelcmde-n-di butyric add (CxII«COOH-Sc-Sc-CjH«COOir) groups showed 
the selenium to be most concentrated in the hmgfl with the kidneys spleen, 
and liver following in that order This is in accord with the work on m organic 
selenium by Dudley (7) who also noted considerable amounts In the liver 
kidneys and splee n , however he and other investigators (Smith ‘Westfall 
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and Stohlman (9) and Gortner and Lewis (10)), found lower concentrations 
in the lungs 

The possibility suggests itself that our use of organic selenium compounds, 
injected intravenously, may have caused greater excretion of the selenium by 
the pulmonary route We know that the work of Hofmeister (11) and 
Fihppi (12) suggested that selemum could be eliminated by the lungs as a 
volatile compound, probably methyl selemde Recent workers too have 
mentioned the garhcky odor of the expired air of selemzed animals (Motley, 
Ellis, and Elks (13) and others), this has been related to the pulmonary 
excretion of selemum because of the similar odor of organic selemum com- 
pounds However, without confirmatory evidence of this pulmonary ex- 
cretion of selemum, we do not presume to interpret our own finding of greater 
concentration in the lungs as an indication of greater excretion there It may 
be that intravenous injection is an important factor in this distribution to 
the pulmonary capillary bed, which then has the opportunity to take up a 
greater percentage than if the selemum had been first offered to the reticulo- 
endothelial system of the hver 

(c) Effect of change of compound on distribution In each case the addition 
of mercury (CH,COOH-Se-Hg-Se-CH,COOH and C,H„COOH-Se-Hg-Se- 
CjHjCOOH) to the organic selemum compound effected a striking change m 
the distribution of selemum in the tissues (see figs 1 and 2) First, in spite 
of the fact that less selemum was given m these groups, in almost every case 
more was found m the tissues It was presumed at first that the combined 
toxicity of selemum and mercury to the kidneys had probably damaged them 
enough to cause greater retention of selemum, but examination of histological 
sections of these kidneys by Doctors Shields Warren and Olive Gates failed 
to confirm this While Dudley (7) felt he could correlate the amount of 
selenium in the tissues of his animals with the extent of the pathological 
changes, we are unable to do so Sections of the kidneys of our animals 
consistently showed only very slight toxic changes, which did not warrant 
the conclusion that this was the cause of higher concentrations of selemum 
in the tissues On the other hand, our lack of histological evidence of renal 
damage does not exclude this possibility * 

A second striking effect noted with these mercury comjxmnds was the 
very great concentration of the selemum in the kidneys, and to a lesser extent 
in the hver In the light of these chemical and pathological findings, it 
appears that the addition of mercury to the orgamc selemum compound has 
changed the distribution of the selenium in the body, for it caused a concen- 

1 It IB interesting that Westfall and Smith (32) have reported, since the submission 
of this paper, that selenocystme differs from diselenodmcetic acid in its distribution in 
fractions obtained by digestion of liver proteins to which these compounds had been 
added Diselenodiacetic acid behaves in a way similar to the tissue selenium of chron- 
ically selenued animals, while selenocystme does not 
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tration in the lddnej which was not found m a similar compound without 
mercury 

n THE EFFECT OF SELENIUM ON TUMOR GROWTH 
Franke and his coworkers (14-17) in their intensive investigations of 
selenium and "alkali disease ' demonstrated the definite interference of 
selenium with development and growth of animals and chick eggs A good 
part of this diminished growth has been attributed to inanition, but the dia- 



Btrsln CS7 mice were u*od for the toxic wheat feeding 

1 Diselenlde diocetic odd group ORmgm dally for 16 days in six animals. 

2. Diielenid© mercury dloeetic add group OR mim dally for 16 days In fire anlmtU. 
3 Di eel enlde-s-dl butyric acid group OR mgm. daily for 16 dsy« in frvo animal* 

4. Toxic wheat group North Dakota. wheat containing 14 parte per million of 
selenium, given with milk as the aole diet for 4 week* to 8 animals. 

6 Control group* 29 qplmali 

tmetive pathology seen in an i mala receiving selenium (18-20) cannot be over 
looked as a possibles factor Inhibiting effects of selenium on the tn-ctfro 
oxidation of crystalline glutathione (21) on the yeast fermentation of sugars 
(22) and the oxygen uptake by rat liver (23) hate also been demonstrated 
These latter considerations suggested the study of the effect of selenium on 
transplanted tumors. Various previous investigations of the effect of se- 
lenium on tumor growth have given conflicting results (24-31) 

Tho present experiments on more than 100 mice injected with selenium 
compounds uniformly foiled to demonstrate any selective inhibition of tumor 
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growth In some of these mice the tumors were smaller than m the control 
animals, but this was associated -with a proportional reduction m total body 
weight Experiments of Bischoff and Long (33) indicate that simple under- 
nutntion wall produce a similar result, and it appears therefore that these 
selenium compounds do not have a selective action on sarcoma 180 In 
addition to injecting organic selemum compounds into 47 mice bearing tumor 
sarcoma 180, we also injected inorganic selemum compounds (sodium selemde 
and sodium selenite) in satisfactory experiments on 19 mice without in- 
fluencing the growth rate of the tumors Nor did 10 mice fed “tone wheat” 
(14 ppm selemum 4 ) over a period of four weeks show any inhibition of tumor 
growth Figure 3 illustrates these results 

SUMMARY 

1 After intravenous injection of selemum into mice as diselemde diacetic 
acid and diselemde n-dibutync acid, the greatest concentration of selemum 
was found in the lungs Using similar compounds in which mercury had 
been added to the organic selemum compound, the greatest concentration 
was found in the kidneys 

2 The addition of mercury to these organic selemum compounds appeared 
to influence the excretion of selemum, for mice injected with such compounds 
showed much greater deposition of selemum throughout the tissues 

3 It was found that selenium, injected intravenously in the form of di- 
selemde aliphatic compounds or fed in “toxic wheat,” did not inhibit the 
growth of sarcoma 180 in mice Furthermore, tissue analysis of such animals 
revealed relatively little selemum m the tumors 
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growth In some of these mice the tumors were smaller than in the control 
animals, but this was associated with a proportional reduction m total body, 
weight Experiments of Bischoff and Long (33) indicate that simple under- 
nutntion will produce a similar result, and it appears therefore that these 
selenium compounds do not have a selective action on sarcoma 180 In 
addition to injecting organic selenium compounds into 47 mice bearing tumor 
sarcoma 180, we also injected inorganic selenium compounds (sodium selemde 
and sodium selenite) in satisfactory expenmente on 19 mice without in- 
fluencing the growth rate of the tumors Nor did 10 mice fed "toxic wheat” 
(14 p p m selenium 4 * ) over a period of four weeks show any inhibition of tumor 
growth Figure 3 illustrates these results 

SUMMARY 

1 After intravenous injection of selemum into mice as diselenide diacetic 
acid and diselenide n-dibutync acid, the greatest concentration of selemum 
was found in the lungs Using similar compounds in which mercury had 
been added to the organic selemum compound, the greatest concentration 
was found m the kidneys 

2 The addition of mercury to these organic selemum compounds appeared 
to influence the excretion of selemum, for mice injected with such compounds 
showed much greater deposition of selenium throughout the tissues 

3 It was found that selemum, injected intravenously in the form of di- 
selemde aliphatic compounds or fed m “toxic wheat,” did not inhibit the 
growth of sarcoma 180 m mice Furthermore, tissue analysis of such animals 
revealed relatively little selemum in the tumors 
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Tho method devised by us utilises the mmometric gns analyser of Van Slyke and 
Is elll bat differs from that of Rinkel and Pijoan In that the enxymatlc reaction U carried 
oat In m separate veaael instead of in the reaction chamber of the apparatus. This 
method lends Itself readily to the study of the activity of cholinesterase in any tlasue 
extract or fluid Irrespective of whether It is highly colored or turbid The fluid eon 
taining cholinesterase Is added to a bicarbonate- Ringer solution of pH 7 4 Tho result- 
ing solution Is maintained st s constant temperature, vigorously stirred and kept 
saturated with a gas mixture of nitrogen and carbon dioxide. An optimal amount of 
acetylcholine bromide is added as substrate The resulting acetic add reacts with the 
bicarbonate liberating carbon dioxide which passes out of the baffered solution The 
bicarbonate nt^d (In the ease of scrum and lymph) the protein* present serve to buffer tho 
mixture and td prevent any marked shift in pH. Tho total content of carbon dioxide is 
measured by the method of Van Slyke and belli at three thirteen and twenty three 
minutes after adding the acetylcholine The index of the activity of cholinesterase 
Is ths amount of carbon dioxide in millimoles per liter (mM/1) passing out of the aolu 
tion within a period of twenty minutes It Is calculated from the difference between the 
carbon dioxide content determined at three and at twenty three minute* It eor 
responds to the amount of acetic acid split off from acetylcholine within the twenty 
minute period. 

Tbe detailed technique as employed in determining cholinesterase activity in serum 
and lymph is na follows 1 cc of the serum or lymph is pipetted Into a fid-cc. centrifuge 
tube which is suspended in a water bath kept at 8S O To the aerum is added 3 0 ec of 
a bi carbonate-Ringer solution This is prepared by diluting 10 ce of 10 per cent eodlum 
chloride 0.84 ce. of 10 per cent anhydrous calcium chloride 0 24cc of 10 per oent potas- 
sium chloride and 5 0 cc of 6 per cent aodium bicarbonate to 124 ec. with distilled water 
and saturating with a gaa mixture consisting of 5 per cent carbon dioxide and Ob per 
cent nitrogen. A flat paddl* stirrer is inserted and the solution stirred vigorously 
care being taken to avoid frothing. A narrow glass tube conducting a stream of tho 
gaa mixture is arranged In the vessel so that the noule is just above the surface of the 
solution. A period of 15 minutes is allowed for the sample to reach the bath tempera 
turn and to become completely saturated with the gns One hundred and twenty midi 
grams of aestylchollno bromide dissolved in 0-5 cc. of the biearbonate-Ringer solution la 
added to the solution in the bath. Three minute* are allowed for thorough mixing 
The first 1-ec sample is then removed and an analysis for tbe total content of carbon 
dioxide is carried out by tho procedure of Van Slyke and Neill The reaction Is con 
tinned and at Interval* of exactly ten minutes two more samples of 1 cc each are re- 
moved and analyzed for carbon dioxide When the carbon dioxide content of thesa 
sample* U plotted against time there result* a straight-line graph which Indicates that 
the ensymo 1 b working at a uniform rate during tbe period chosen (aee flg 1) The de- 
terminations made at three and twenty-three minutes therefore suffice for the calculi 
tlon of activity 

Curve I of figure 1 is a composite of ten different experiments on horse serum. Curve 
1 1 was obtained by analysing under the a* me conditions tbe bt carbonate-Ringer solution 
containing acetylcholine bromide but without serum lymph, or any other source of 
cholinesterase There is some hydrolysis at pH 7 4, which was chosen for these ex 
peri men t* but it is obvious that this error is negligible. Curve III represents the same 
horse serum sj used in Curve I but In this case the activity of the enzyme was Inhibited 
by adding 0 5 microgram of prostlgmine methylsulfate for every cubic centimeter of 
solution, thus making a 1,5 X 10 - * molar solution of prostlgmine This concentration 
of tbe drug completely inhibit# the chollneatcrnse activity of the home aerum employed. 

Accuracy of tkt wtetkod On the basis of numerous analyses on aerum wo have found 
repeated determinations to differ by leas than 5 per cent Upon addition of known 
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amounts of acetio aoid, the amount of carbon dioxide passing out of the solution agrees 
within 3 per cent of the calculated value up to 10 mM/1 Sera with titers above 10 
mM/1 must be diluted with bicarbonate-Ringer solution in order to avoid a shift in 
pH, which must not exceed 0 3 of one pH umt 

With this method we examined the activity of cholinesterase in the serum of normal 
man, home, dog, and cat (see table 1) Our determinations of the relative activity of 



Fig 1 Hobsb Serum Cholinesteha.se Actcvitt of Nobmal Sebum and of Sebum 
Treated with Prostiomine 

TABLE 1 


Cholinesterase aciimty of serum, thoracic and cervical lymph before and after prostigminc 


RTECHS 

JTTJMBEB EXAMTTTED 

IUJKQE or ACnVtTT 

AY ZHAOE ACTIVITY 



COttnll/l 

( CO i mM/1 

Horse 

4 

10 6-18 6 

14 0 

Man 

10 

7 1-17 9 

j 12 3 

Dog 

18 

4 2-11 8 

8 9 

Cat 

5 

2 8-41 

8 5 


the sera of these four speoies of animals agree with the findings of other investigators 
(12, 14), although the absolute units differ according to the method used 

CHOLINESTERASE ACTIVITY IN LYMPH 

The experiments were performed on dogs under anesthesia As a rule tho animals 
breathed spontaneously, but in some experiments artificial respiration become neces- 
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wry because of pneumothorax. Nembutal «u used as a general anesthetic. It was 
giTeu intraperitoneally or intraveooualy In a 6 per cent solution and in a dose of 0 033 
gram per kilogram body weight. If in the course of the operation or during the expen 
roent the anesthesia became too light, additional dose* of Nembutal were administered 
intravenously (aee table 2) As can be seen from a comparison of the aerum titers in 
tsbis 8 (average activity 8 2) with the values for the serum of dogs in table 1 there is 
no si gni ficant difference in the range of activity and in the average activity of cholines- 
terase of tbe aerum of normal dogs and of dogs under Nembutal We assume therefore 
that Nembutal in the doses applied In these experiments, is without distinct effect on 
the activity of the cholinesterase in serum in rwo We here not Investigated whether 
this also holds true for lymph. 

The lymph was collected from th* thoracic duct and from the left cervical duct, which 
were cannula ted before their entry Into the left subclavian rein. In order to prevent 
the lymph from clotting small quantities of heparin* were introduced every five to ten 
minutes into the tip of the cannula. We assume that the quantities of heparin dissolved 
in the lymph do not influence the setivity oj cholinesterase as heparin in similar oon- 
csntratlons did not influence the activity of the horse serum which w*as used for the 
standard experiments reported in figure 1 

The lymph flowed freely from the thoraelc duct. A steady lymph flow from the 
osrvieal duet was insured by nodding move m ents, which were maintained manually 
at a rate of five to ten a minute. Aa soon as some lymph wa* collected In the tip of 
the cannula It waa transferred by means of a pipette to a measuring eylindsr Sample* 
were used for tbe determination of their activity only If on simple observation they ap- 
peared to be free from blood Cervical lymph was usually perfectly dear and colorieo, 
while thoracic lymph waa often turbid and colored. Tbe cholinesterase activity of 
blood serum, thoracic lymph, and oervical lymph was found not to change significantly 
during preliminary periods up to five hour* of constant experimental condition*. 

Blood sample* were removed under liquid paraffin from a vein of a foreleg, stirred 
gsntly with a glaas rod to remove the fibrin, and the serum obtained by centrifugation. 
Because we have found some evidence that the inhibitory effect of proatigniine (and 
physoatigmine) diminishes when serum containing it is left for some time at room 
temperature, samples not analysed at once should be kept below 10 0 The erpenmen 
tal procedure is illustrated by table 2 which represents a typical experiment. 

The results of ten experiments similar to that shown in table 2 are sum- 
manxed m table 3 It is apparent that there is in lymph an enxyme which 
behaves like cholinesterase. Furthermore tho activity of the esterase in 
lymph is less than In serum, but the former does not seem to bear any quan 
titatrve relation to the latter The enxyme activity of cervical lymph was 
equal to that of thoracic lymph m one out of seven experiments while m the 
other experiments it was distinctly less 

It has been shown that cholinesterase is sensitive to certain inhibiting 
poisons especially to physostigmino and prostigmine (4 6 16) Therefore 
in order to charactenxe the enxyme further we have examined tho influence 
of prostigmine on the activity of the esterase m thoracic and cervical lymph 
(see tables 2 and 3) Prostigmine raetbvlsulfate was administered by 
stomach tube or bj intravenous Injection The doses of prostigmine used in 

* Hsparin used wa* obtained from the Connaught Laboratories of the University of 
Toronto. 
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these experiments (see table 3) did not cause either a marked or a consistent 
change in lymph flow Invariably prostigmme caused a decrease m enzyma- 

TABLE 2 

Dog no 9, 15 5 hgm , female Spontaneous respiration 
July 10, 1940 6 00 pm 750 cc water by stomach tube 
July 11, 1940 8 30 a m 600 ec water by stomach tube 

9 00 a m 0 033 gram Nembutal per kgm i v 
9 30am Operation started 
9 34 am 0 25 gram Nembutal i v 

11 10 a m Collection of thoracic and cervical lymph started 


TIME 

BEBtJU 

THORACIC LTMJ-H 

CERVICAL LTMTH 

nyvinn 

Sample 

■volume 

CO* mM/l 

Sample 

volume 

COi mM/l 


COt mM/l. 

cc. 


cc. 



11 10 


0 


0 



11 29 

6 2 






11 3S 


10 0 

3 4 




11 46 






Nembutal 0 1 gram 

11 62 




5 

1 0 


11 66 


10 0 





12 22 


10 0 





12 40 






Nembutal 0 1 gram 

12 55 

6 0 






12 6S 


10 0 

3 0 




12 69 




3 7 

l l 

Prostigmme methylsulfate 







0 6 mgm 

1 47 

2 7 






1 65 






Nembutal 0 1 gram 

2 07 


20 0 

1 3 




2 33 

2 7 






2 43 




5 0 

0 3 


2 48 


10 0 

0 6 




3 38 

3 6 






4 07 


16 0 

1 7 




4 28 






Nembutal 0 I gram 

4 87 




5 0 

0 5 


4 65 


10 0 

2 2 




5 04 

4 2 






6 08 






Prostigmme motbylsulfate 







4 mgm 

6 21 


10 0 





5 28 

0 7 






6 30 


7 0 

0 1 

2 4 

0 1 



tic activity, thus further indicating that the enzyme involved is cholinesterase 
In table 3 the titers of activity after prostigmme refer to the lowest value 
obtained, irrespective of time As can be seen from the experiment reported 
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in table 2, the effect of proetigmine was already maximal in Sample 4 of 
thoracic lymph and m Sample 2 of cervical lymph. Thereafter the eniyme 
activity m the serum and in the lymph increased very slowly, and in this 
experiment the activity had not yet returned to normal five hours after the 
Injection of 0 5 milligrams of prostigmme "Whereas the average activity of 
serum cholinesterase after proetigmine fell m our experiments to 43 per cent 
of the original value the average activity of the cholinesterase m thoracic and 
cervical lymph fell to 33 and 26 per cent respectively 
In the experiments shown m tabic 3 the thoracic lymph flow, calculated 
from the total amount collected during the wholo period of the experiment 
amounted to an average value of 24.2 cc per hour (range 12.7 to 49.2) and 


TABLE 3 

Dofft CXoUntdtrat* activity of itram, thoracic and cervical lymph befan and after 
prottiffnin* 




LTW*" 7 


r*ama- 

umnciiuifln 

Kml* 

W«!cht 

Be 


CXBTKXL 

LTvra 

ucnn 

IjiMph 



hfm. 


CO, mM/t. 

CO mllyl 

COimlti 1 

«r» 

c(h*aifa 

COtmU/U 

COtwkil/l 

1 

81 4 

M 

8 4 

4 0 






2 

13 0 

M 

6 8 


1 0 1 





8 

17 6 

F 

8 7 

5 4 


10* 

6 8 

4 0 | 


4 

20 4 

F 

11 2 

8 0 

4 8 

20* 

4 0 

4 3 

2 1 

5 

14 8 

F 

6 7 

4 4 


30 

0 8 

0 fi 


6 

18 0 

M 

11 2 


1 4 

0 3 

fl 0 


0 3 

7 • 

18 1 

F 

10 8 

3 3 

2 0 

0 4 

6 0 

0 9 

0 7 

8 

12 0 

M 

0 0 

3 4 

3 4 

0 4 

2 3 

0 0 

0 2 

9 

15 5 

F 

0 1 . 

3 2 

1 1 

0 5 

3 7 

0 0 

0 3 

10 1 

27 4 

M 

7 4 1 

4 5 

2 1 

1 0 

8 1 

0 9 

0 4 

11 

23 0 

M 

e e 

0 6 

1 8 

1 0 

3 1 

1 0 

0 1 

12 

26 0 

M 

7 2 

4 0 

1 9 

1 0 

2 2 

0 fl 

0 fi 


* Prortlgmlne idmiclatered orally 


to an average value of 1.3 cc per hour (range 0 7 to 2 8) for every kilogram of 
body weight. It is obvious therefore that an appreciable amount of cholines- 
terase is continuously entering the blood stream with the lymph especially 
the thoracic lymph. 


BUiaiART 

1 A manometric method for the determination of tho activity of cholines 
teniae m body fluids and tissue extracts is described 0/ the species of 
a nim a l s exa min ed, the activity of cholinesterase is highest in the serum of 
horse and man lower in the dog, and lowest In the cat 

2 The cholinesterase activity of thoracic lymph and cervical lymph of 
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dogs, per cubic centimeter, is distinctly less than the cholinesterase activity 
of serum 

3 Prostigmine methylsulfate given by mouth or by mtra venous injection 
inhibits the activity of the cholinesterase m thoracic and cervical lymph 

We are indebted to Dr Cecil K Drinker for demonstrating to us his 
method of collecting lymph 
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Pituitary (posterior lobe) extract, the pharmacopoelal extract (BJ* and 
UJ3.P ) of the posterior lobe of the hypophysis has a number of effects upon 
water metabolism which may bo due to the same or to different substances 
present m the extract In mammals there are the Magnus and Bharpey 
Shaeffer diuretic action and the Van den Velden antkhuretic action and 
three reactions are well known in their many ramifications. In birds (2), 
reptiles (1) and amphibia (4) the extract may also stimulate either loss or 
retention of body water depending upon the circumstances of the experiment. 

To determine if these various effects are due to one or to more than one 
substance m pituitary (posterior lobe) extract It is first necessary to have 
quantitative methods of assay For mammals Burn s (6) modification of 
Gibbs method has become standard, It measures the delay In diuresis pro- 
duced by Injecting the extract into rodents to which water has been adminis- 
tered In amphibia, a method has recently been proposed by Boyd and Mack 
(3) it measures the uptake of water by frogs immersed in water and injected 
with the extract, a reaction known as the Bnmn reaction and which is due to 
an inhibition of excretion of water by the extract in frogs In the Burn 
assay the primary site of action of the extract is believed to be upon the 
kidneys, possibly upon the thin segment of the loop of Henle, In frogs, the 
primary rite of action is believed to be extra renal, probably upon the muse lea, 
subcutaneous and other tissues of the body Although three two reactions 
the Van den Velden and the Bnmn reactions have some points m common, 
it is generally held that they are due to two different substances chiefly 
because pressor fractions of pituitary (posterior lobe) extract contain per 
milligram of original tissue more of the mammalian diuresis-inhibiting factor 
than oxytocic fractions while oxytocic fractions contain more than pressor 
fractions of tho principle responsible for the Brunn reaction (11) In the m 
vestigation herein reported evidence was sought by another method to prm e 
that these reactions were due to tho same — or to different — substances. 

Tho method employed has been recently used by Heller (7) to determine if 
253 
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the pressor and antidiuretic pnnciples are separate or identical entities 
Heller placed ampules of pituitary (posterior lobe) extract m boiling water 
for varying periods of time at various hydrogen ion concentrations, then 
measured the percentage loss of antidiuretic and pressbr activity and found 
the antidiuretic factor more stable than the pressor factor Because of this, 
Heller concluded that the two pnnciples were probably distinct and different 
substances 

Using a procedure similar to that of Heller, we heated ampules of Pituitnn 
Surgical (Parke, Davis and Co ) in a gently boiling water bath for penods 
varying from 30 minutes to two days We then assayed these various heated 
extracts in albino rats for diuresis-inhibiting factor by the method of Bum 
(5) with some of the modifications suggested by Gilman and Goodman (0) 



PERCENT DESTRUCTION - BOYD-MACK 

Fia I A Comparison of the Feb Cent Destruction sy Heat op PBiNCirLEs 
Responsible for the Burn and Boyd -Mack Assays of Water 
Balance Acttvitt in Pituitary (Posterior Lobe) Extract 

The extracts were also assayed by the method of Boyd and Mack (3) The 
amount of each of the pnnciples responsible for these assays found in heated 
extracts was compared with the amount present before heating and the per 
cent destruction of active matenal calculated 
The per cent destruction of activity indicated by the Bum assay was then 
compared with the per cent destruction of activity shown by the Boyd-Mach 
assay, the results have been plotted in figure 1 As might be expected, duo 
to the error of 25 per cent or so in both methods of assay, there was con- 
siderable vanation, especially in the extracts heated for short intervals so as 
to destroy from 10 to 30 per cent of activity The results agreed more closely 
when a large amount of activity had been destroyed, especially over 80 per 
cent When all of the data were plotted they fell reasonably well about a 
theoretical line, indicating that one principle was destroyed as rapidly as the 
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other, as may be seen in figure 1 The coefficient of correlation of per cent 
destruction by the two methods, calculated after the formula of Wyllie (12), 
was +10 with a probable error of 0 16 which indicates perfect correlation 
From these results it is evident that the principle m pituitary (posterior 
lobe) extract responsible for the Burn assay is destroyed bj heat at the 
same rate as the principle responsible for the Boyd Mack assay By com- 
paring rates of thermal destruction it has not been possible to demonstrate 
that the principles responsible for these assays are separate entities In 
fact, the data may be offered as collateral though of course not conclusive 
evidence that a single substance effects both reactions 

The chief evidence against the latter view is that the method of Bum re- 
veals more activity in pressor than in oxytocic fractions of pituitary (posterior 
Ibbe) extract while the converse Is true of the Boyd Mack method We have 
confirmed this anomalous situation in this laboratory by assays of pitressm 
and pitocin. It would not seem that extraneous matter in, or methods of 
separation of pitressm and pitocin are responsible for this difference since 
Oldham (9) obtained a more pronounced Bnmn reaction in Stehle’s poet- 
lobin-0 than in poetlobm V and Stehle’s fractions (10) are made by a method 
quite distinct from that of Kamm et al (8) for pitressm and pitocin 
A further fairly considerable body of evidence might be reviewed at this 
juncture for and against the argument that the principles responsible for the 
Bum and Boyd Mack assays are identical or distinct. The only conclusion 
which may bo drawn at present, however is that while the available data do 
not prove the principles identical, neither do they prove them to be distinct. 
Evidence presented by the present report would tend to favour the former 
view 

CONCLUSION 

It was found that principles responsible for the Bum (5) and Boyd-Mack 
(3) assays of water balance activity in pituitary (posterior lobe) extract are 
destroyed by heat at the same rate 
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In studying various methods for the biological estimation of ergometnne, 
we had an opportunity of investigating several of the more promising but as 
yet undeveloped possibilities Among these was a suggestion by Rothlin (1) 
that the hyperthermia produced by the drug in rabbits be used as a method of 
its estimation The mydriatic effect also was studied since preliminary 
experiments suggested that this effect appeared to be proportional to the dose 
Either of these possibilities constitute a somewhat different angle of approach 
since previous biological assay studies appear to have been restricted largely 
to the action of this drug on the uterus, the intestine or the cock’s comb 
A review of the literature gives the impression that no matter what the test 
object may be, the assay is still in the formative state For instance, Bum (2) 
m 1937 stated, “There is no biological method for estimating ergometnne 
available at the present time ” Swanson, Hargreaves and Chen (3) recom- 
mended that the bioassay on the isolated rabbit’B uterus be supplemented by 
colorimetnc and polanmetnc determinations and finally by assay on the 
postpartum human uterus The possibility of adding either the mydriatic 
or hyperthermal effects to the present biological assay armamentanum 
depends upon the extent to which vanous biological assay requirements are 
satisfied The usefulness of such an assay will depend upon other considera- 
tions, especially the correlation with clinical findings 

METHODS 

After some prebminary work, the following experiment was earned out in order to 
Becure data from which possible dose-response curves might be obtained for statistical 
examination Graded doses of ergometnne acid malente dissolved in physiological 
saline solution were injected in the marginal ear veins of 6 groups of albino rabbits, 
each group containing 4 animals Rectal temperatures were measured with a ther- 
mometer and the pupil diameters with a millimeter scale, immediately before the drug 
was injected and at frequent intervals thereafter Readings on both right and left 
pupils were taken and averaged The importance of the units of measurements may 
be emphasized here If, for instance, the temperature increases had been expressed 
in °F instead of "C , values for the slope, standard deviation and relative results would 
have been quite different 
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RESULTS 

It was found that both the hyperthennal effect and the mydriatic effect 
are well suited for quantitative bioaasay purposes since, as figure 1 shows, 
two well defined dose-response curves were obtained, relating log dose and 
the increase in rectal temperature in the one case and log dose and the increase 
in pupil diameter in the other The results of a statistical exami nation of 
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The dotted line* represent tbo mydriatic effect and the dashed Udc* r epr esent the 
hyperthermal effect. The poaltfcmj of the ergometrine curve* were calculated by the 
method of leait »quare* 


TABLE 1 


JncrtOM* in rrcla. 1 tmprralurr and in pupil dta*ui*r foilovtnf ran out dot** of 
trfomtirint and maltalt 



w*un m ruin. wunrai (aw.) 

OHUUI Df KKTAl UWIUTUU fO.) 

0 K 

3 0 

1 0 

1 5 

2 6 

1 1 

0 8 

1 2 

1 2 

o e 

3 0 

3 6 

6 0 

6 0 

1 5 

1 1 

1 0 

1 8 

0 8 

3 6 

4 5 

6 0 

8 0 

1 5 

1 9 

1 6 

1 3 

1 2 

6 0 

6 0 

fi 5 

5 5 

2 2 

2 1 

2 3 

1 6 

1 6 

6 0 

4 0 

6 6 

6 0 

3 3 

2 2 

2 6 

1 1 

1 8 

7 0 

6 5 

8 5 

8 0 

2 4 

2 7 

3 8 

2 8 


the data of table 1, using standard statistical methods such as described by 
Bn ©decor (4) are given in table 2 In each case the strongest correlations 
were found when the maximum response observed was used instead of the 
response measured at some given time interval after injection such as one 
hour The high correlation coefficients and the correspondingly low values 
of P make it extremely improbable that the ergometnne curves of figure 1 are 
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the results of pure chance or accident Each curve can be considered a 
straight line since the deviations from linearity were not significant when 
the variations m animal response to a given dose are considered This was 
determined by calculating F, the ratio of the mean square of the deviations 
from linear regression to the mean square of the deviations within groups 
and finding that in each case the F value was less than the tabular value for 
the 5 per cent pomt This is true for the dosage range employed, 1 e , 0 4 
to 1 6 mgm per kilogram Preliminary work indicated a tendency to form 
plateaus at higher doses As table 2 indicates the curves are sufficiently 
steep and the standard deviations are small enough so that even when a 
relatively small number of animals are used the limits of error are narrow 
enough to compare favorably with those of the more accurate biological 


TABLE 2 

Statistical analysis of the characteristic curve data 



ifTPHjATrc rmcr 

ITTPjEflTfiZBKAL XTTTCT 

Correlation coefficient 

Deviation from linearity (F — 2 93 

r = 0 847, P - <0 001 

r - 0 803, P ~ <0 001 

when ni “> 4 and n t ■■ 18) 

F - 1 319 

F - 0 203 

Slope 

b - 609 

b - 2 36 

Standard deviation of response 
Limits of error os per cent of the 

* - 0 886 

s - 0 408 

mean potency 

86-118% 

82-122% 


The loir values of P indicate that the correlations are very Btrong Since the values 
of F are considerably less than the tabular figure of 2 93 for the 6 per cent point, the 
deviations from linearity are not significant 

Limits of error are calculated on the basiB of twice the Btandard error and on the 
assumption that a total of 16 rabbits are used for the assay, i e , the upper limit -> 100 

antilog — — = and the lower limit — 100 1/antilog -= 

6 b V16 b V16 

assays Of course, by using larger numbers of animals, the limits of error 
would be made still narrower 


DISCUSSION 

Specificity 

Many biological assays such as those depending on LD 50 values, the con- 
traction of smooth muscle, the increase m blood pressure, etc , are more quan- 
titative than qualitative since more than one drug may produce essentially 
the same measured effect An assay based on either the hyperthermal or the 
mydriatic effect alone would fall into this class men, however, both 
responses are considered together an interesting problem in probabibty arises 
which serves to give the assay certain qualitative aspects In order for some 
other drug or mixture of drugs to give the same results as ergometnne, the 
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following specifications would have to be met (a) both mydriatic and hyper 
thermal effect « must be produced (b) the types of characteristic curves 
must be the same (c) the ratio of the mydnatio response to the hyperthermal 
response at any grv en doec must be the same for either drug, (d) the potencies- 
for each effect must the same While it is quite possible that one or two of 
these criteria might be fulfilled, the chances become quite small that nil will 
be satisfied However, sufficient animals would have to be used so tlint the 
position of each curve is reasonably well fixed m order for specification (c) to 
be useful and the value of specification (d) becomes less as the difference 
between potencies becomes leas. 

As a practical example ergotoxine, a drug which might be expected to 
closely resemblo ergometrme has been studied for the sake of comparison 
The results are shown In figure 1 It will be seen that specification (a) and 
probably (b) are met Quite different reeults are experienced when epecifica 
tion (o) is applied With ergometnne the mydnatio response (measured 
m mm.) is about 2.5 times greater than the hyperthermal response (measured 
in C ) With ergotoxine conditions are reversed and using the steeper portion 
of the curves, the mydnatio effect is leas than the hyperthermal, the ratio 
at log dose — —04 being about 0 7 Specification (d) is of less qualitative 
value since the relative potencies of the two drugs are not widely different 
However it is evident that smaller dooee of ergotoxine than ergometnne are 
required to establish the sub-plateau portions of the various log doso-responae 
curves In this particular example aside from the qualitative features dis- 
cussed above, ergotoxine was found to have a greater lethal action than ergo- 
metnne only those animals receiving the smallest dose surviving No ani- 
mals were killed with the orgome trine. Also, other more subjective symptoms 
were different. When all of the above points were considered, the results 
with ergometnne could be distinguished easily from those of ergotoxine 
Mixtures of ergometnne with ergotoxine or with any other drug producing 
ergometme-lflcc effects would havo to be separated before assaying 

Source* of error 

Aside from the inherent error due to animal variation, environmental 
influences may affect the absolute values observed. The room temperature 
may niter the hyperthermal response. Also it was evident that aceommoda 
tion of the pupil to light was not abolished with smaller doses of ergometnne. 
Therefore although daylight was used in these studies some constant source 
of light would be more desirable 

No differences attributable to sex were discerned 

Dem$n of the assay 

Se\ oral types of assa> design arc possible, although in all cases a standard 
curve should be determined for each assay since according to the literature, 
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considerable differences in response to ergometnne are to be expected between 
species and strains Absolute values, therefore, would be difficult to repro- 
duce Either the mydriatic or the hyperthermal curves may be used sepa- 
rately In this case the steeper of the two dose-response curves will give the 
more accurate results Efficient statistical handling of this type of assay is 
described by Bliss and Marks (6) If the results of both mydriatic and hyper- 
thermal effects are to be combmed, considerably more elaborate treatment 
would be necessary It was found that a certain degree of tolerance to 
ergometnne is produced by a smgle dose This fact might eliminate the 
possibility of using the “cross-over” technique 

SUMMARY 

It was found that both the mydnatic and the hyperthermal effects produced 
by ergometnne m the rabbit are quantitatively related to the dose and thus 
either may serve as a basis for the quantitative estimation of this drug 
When both of these effects are considered simultaneously qualitative proper- 
ties are acquired in addition It is then possible to distinguish between the 
results produced by ergometnne and those of ergotoxme 
Effective doses of ergometnne were found to be less toxio than those of 
ergotoxme 

Using 16 rabbits for an assay, limits of error of about ± 20 per cent may 
be expected, 

REFERENCES 

(1) Rothun Compt rend Soo de biol , 119, 1302, 1935 

(2) Burn Biological Standardisation, 1937, Oxford University Press, London 

(3) Swanson, Habobeaves and Chen J Am Pharm A , 34 , 835, 1935 

(4) 8nedecob Statistical Methods, 1938, Collegiate Press, Inc , Ames, Iowa 

(5) Bliss and Marks Quart J Pharm & Pharmacol , 12, 182, 1939 


PHARMACOLOGIC RESPONSES OF DAPHNIA MAGNA 

TORALD SOLLMAKN akd WALTER WEBB 
Ftowi the Department of J PkarmawlotV of th * School of Utdicin* of 
TTaMern Retnre U niter tity Clcttland, O 

Received for publication November 13 1040 

Daphnia magna m a Email transparent crustacean -which can be easily 
reared m unlimited quantity It has the highly differentiated organ structure 
of crustaceans and its transparency permits direct visual observation of all 
of its internal as veil aa external movements under a low power microscope. 
This suggested the possibility of its use as a convenient object for the pre- 
liminary general survey and perimps localization of pharmacological actions, 
if three are sufficiently similar to those of vertebrates Daphnia has been 
used by Vkhoevor (4 6) with apparent success for the bio-assay of a con 
sid arable number of drugs It therefore appeared interesting to make a study 
of the reactions of this animal to certain drugs that have characteristic 
actions. The summary' of the results at the end of this paper indicates that 
the responses of this organisms differ rather widoly from those of vertebrates. 
The usefulness of the animal for pharmacologic orientation in this direction 
therefore is limited The results are perhaps all the more interesting on their 
own account. 


METHODS 

Th* dtphnlt* used in the following experiment* were taken from a meat culture not 
graded a* to tlie or age Daylight wu uted for observation. A ringle daphnia wu 
placed on a hanging-drop *lide and observed with the low power objective Drug* in 
■olutlon were added an exec** of fluid being avoided to facilitate keeping the animal 
in the field. The observation* included the heart, re*piratory appendage* Inteatlne*, 
antennae, tail mendible* and eye* Gro** movement* were observed by placing 
daphnia in teat tube* containing solution* of drug* representative of variou* pharmaco- 
logic group*. 


RESUU’re 

The heart 

The response of the daphnm heart to autonomic drugs indicates the pres- 
ence of sympathomimetic action but fails to establish true vngomunetic or 
vagolytic action Epmephrme (1 10 000) in daphnia, aa in vertebrates, 
causes a moderate increase m rate (20 to 40 beats per minute) Mecholyl 
(1 10 000) and pilocarpine (1 10 000) have no effect on heart rate but 
26V 
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physostigmme (1 10,000) causes a moderate slowing (20 to 40 beats) Atro- 
pine, used without other drugs, causes moderate slowing The antagonistic 
actions of the autonomic drugs were variable These responses are m agree- 
ment with Bonnet’s (2) observation that the crustacean heart has sympa- 
thetic but no parasympathetic innervation Garrey (3) also noticed 
that the Limulus heart was not affected by parasympathetic stimulation 
Bam (1) records a marked acceleration of Cancer heart with epmephnne 
and a similar effect with pilocarpine, but no effect with atropine alone He 
also observed that atropine had no effect on the epmphnne response, but 
antagonized the pilocarpine effect 

Those drugs which have their major action on cardiac muscle m vertebrates 
show a similar but not entirely characteristic response in daphnia Digitahs 
causes a slowing of the heart and arrythmias of dropjied beats, from which 
the animal generally recovers if the digitalis solution is removed There is 
also a diastolic dilatation The slowng and arrhythmia correspond to the 
action of digitalis in vertebrates Barium (1 1000) in vertebrates causes a 
slowing similar to digitalis In daphnia this effect develops slowly and there 
is slight dilatation but no arrhythmia Quimdine (1 500) m daphnia causes 
a slow arrhythmia which is veiy irregular, with incomplete systole and dias- 
tolic dilatation Quinine (1 500) has a similar effect in slowing the heart and 
causing slight dilatation, probably by protoplasmic depression Magnesium 
(1 100), as a representative direct muscle and nerve depressant, causes slow- 
ing and arrhythmia with incomplete systole and diastolic dilatation 

As a representative of the general protoplasmic depressants, ether (satu- 
rated aqueous solution) causes the heart to slow with slight dilatation and 
arrhythmia Alcohol (1 per cent) causes slowing and arrythmia These 
actions correspond fairly well to the depressant actions in vertebrates 
Pentobarbital (1 500) causes slowing, but no arrhythmia 

Three types of asphyxiants were tried Carbon dioxide administered m 
saturated aqueous solution, sodium cyanide (1 10,000), and tannic acid (1 
per cent) which, by precipitation of protein on the gills, prevents gaseous 
exchange In all cases the heart was slowed but its beats remained rhythmic 
Presumably the action is a direct cardiac muscle depression similar to that 
occurring m vertebrates 

The remaining drugs tned give rather confused effects on the vertebrate heart, and 
are, therefore, not well suited for comparison They produce the following results 
in daphnia Simple slowing Cocaine (1 200), Metrarol (1 100), guanidine (1 600) 
develops slowly, strychnine (1 10,000), nicotine (1 1000) after primary increase, BiMej 
(sat au sol ) after primary increase No constant effect Curare (sat aq sol ), Vera- 
trine (1 100) QmcUmng Nicotine, BiMe, Nicotine produces first a moderate 
increase in rate, then a progressive decrease Bismuch tnmothyl causes immediate 
increase in rate which progressively slows 
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In general, daphma magna does not appear to be a very useful reagent for 
predicting the action of drugs on the \ ertebrate heart. It agrees for sym- 
pathetic stimulation (epinephrine) and for muscular depression both direct 
(guanidine magnesium, ether barbiturate) and asphyxial (carbon dioxide 
cyanide, tannic acid) but it does not agree for parasympathetic stimulation 
(mecholyl) or for cardiac tonics (digitalis, barium) 

Pens talus 

Daphnias generally show very little peristalsis but when it occurs there 
are deep contraction bands which move along the gut caudally causing ex- 
pulsion of feces from the anal onfioe. The dilated portion of the gut near 
the anus may contract without visible activity elsewhere In general the 
autonomic drug responses m daphma are similar to but not identical with 
those seen m vertebrates 

Epinephrine inhibits peristalsis when present. It also antagonizes the 
peristalsis started by mecholyl However epinephrine does not cause re- 
laxation of the gut as it does in vertebra tee Mecholyl pilocarpine and 
physoetigmine produce marked increase m peristalsis and expulsion of in 
testinal contents Physoetigmine tends to cause spasm. Atropine dim- 
inishes the spasm and inhibits the action of mecholyl and pilocarpine. These 
actions of parasympathetic stimulants on the gut are m striking contrast to 
their lack of action on the heart Nicotine first causes some increase in 
peristalsis which is followed by arrest 

The muscular stimulants cause varying actions on the gut Banum causes 
slow peristalsis which is not violent and does not end in spasm. Digitalis 
causes no peristalsis. Cascara causes an increase In peristalsis m some and 
m others has no effect. 

The muscular depressants with the exception of ether and alcohol have 
actions similar to those m vertebrates. Magnesium causes some slowing of 
peristalsis, ether increases peristalsis alcohol causes alight increase of peristal 
sis quinine and quinidine cause decrease m penstabns. 

Of the asphyxiants carbon dioxide causes no change m peristalsis cyanide 
causes cessation, and so does tannic arid 

Certain drugs which have confused actions on vertebrate peristalsis cause 
the following effects on daphnia peristalsis Increase Strychnino (increases 
then decreases) Guanidine BiMe*. Variable Pentobarbital Curare 
Vcretnne. Decrease Metraaol Cocaine 

It appears therefore that the intestinal responses to drugs with sympathetic 
and paraaympathetio actions are similar in daphma and m ■vertebrates so 
also is the response to cascara. With man} other drugs however the effects 
do not correspond so that daphma is not a reliable test object for peristaltic 
action in general 
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Striated muscle 

Voluntary muscle reactions are complicated by direct and reflex control as well as 
peripheral actions In daphma the muscles of respiration, antennae, and eye have a 
rhythmic type of movement, while the tail movements are essentially non-rhythmic 
The antennhl movements are more jerky and are modified by the surroundings When 
free-swimming, the movements are quite continuous with a periodic rhythm (2 to 3 
beats, apause, then 3 to 4 beats, etc ), but at varying rates and magnitudes Perhaps 
80 to 120 beats per minute are normal rates When the animal is confined to n hanging 
drop slide the same type of rhythm and movement is maintained, but the rate is slower 
(20 to 40 per minute) The eye normally has a rapid vibratory movement and rotates 
quickly through a small angle This rhythm is constant and seldom broken When 
the eye is disturbed it generally loses the rapid vibratory movement and assumes 
slowor rotation through a larger angle The tail movements are penodic rather than 
rhy'thmic At times the tail is used to assist in propulsion Frequently it moves to 
clean the gills with the hook on its end After feces have been expelled the tail moves 
the material away so that this is not carried up into the gills The movements are 
normally quite vigorous and at a rate of about 10-20 per minute The mandible moves 
quite rhythmically, 80-120 times per minute, in a grinding fashion The activity is 
increased when food passes into the gullet These structures, representing vanouB 
types of rhythmic and nonrhythmic muscular movements were observed individually, 
but as their responses are generally similar they will be discussed together, except where 
significant differences occur The respiration will also receive separate consideration 

Curare produces first increase then decrease and finally' arrest of all move- 
ments After all movements had ceased, electrodes were applied directly 
to the shell of the animal and a single break shock given The result was a 
single contraction of the tail, a few beats of the respiratory appendages, and a 
single beat of the antennae No movements of the eye or mandibles were 
noticed The same experiment was tried following magnesium, ether, and 
nicotine, but no movements occurred with stimulation The fact that the 
animal responded to artificial stimulation after all normal voluntary activity 
had ceased suggests that the muscle is still irritable and that the action may 
be on the neuro-receptive mechanism as m vertebrates 

Agents which produce muscular twitchmgs in vertebrates by peripheral 
action have equivoval actions m daphma Barium with free swimming 
daphma, causes first increased activity with normal penodic movements of 
the antennae This is followed by r decreased activity On the hanging 
drop slide there are occasional vigorous movements of the tail, the mandibular 
movements become slower and irregular, the antennae showed fine twitch- 
mgs, the eye stalk movements change from continuous rapid vibrations to 
slower, irregular, larger angle rotation and trembling All the above reac- 
tions correspond closely to the fibrillary' twitchmgs seen m vertebrates 
Guanidine showed no movements of the tail and arrested the movements of 
the antennae, mandible, and eye stalk, all of which seems opposite to the 
action in vertebrates Mecholyl, pilocarpine and physostigmine apparently 
produced bttle or no well defined effects on the muscular movements of 
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daphnia, in contrast to the twitching and contracture of vertebrate skeletal 
muscle and the observation of Bonnet (2) that meoholyl prevents the paralj * 
ing effect of strychnine on crayfish Nicotine produces marked increase of 
muscular activity in free-swimming daphnias so that they circle and loop 
rapidly On the hanging-drop slide the antennal movements show some 
increase in rate and tendency toward continuous rhythm. Later the am 
plitude is decreased and the tail assumes a characteristic position There is 
no indication of twitching or tonus Epinephrine which probably has no 
effect on the muscular movements of vertebrates seems to cause stimulation 
m daphnia, manifested by increased rate of antennal movements and more 
continuous rhythm but decreased amplitude The tail also shows Increased 
rate but decreased amplitude and changes to continuous type of movements. 
Eye stalk movements become large angle, rotatory movements. Here again 
free swimming daphnia show' a tendency to more rapid and continuous an- 
tennal movements with looping and circling Qirimdme causes slow vigor 
ous movements of the tail, slow, irregular movements of the mandible and 
continuous jerking of the antennae while the eye movements are not changed. 
Quinine causes no change m tail movements decrease in amplitude and 
twitching antennal movements, alow movements of the mandible and no 
change in eye movements. Veratnne causes slow movements of the tail, but 
there is no noticeable lengthening of the relaxation as m vertebrates. There 
are variable but generally slow movements of the mandible alow feeble 
movements of the antennae, and a variable action on the eye stalk. 

The agents whose action in vertebrates is chiefly depressant, either central 
or indirect, elicit similar results In daphnia Ether in free-ewimmmg daphnia, 
causes a very brief increase in activity followed by a marked decrease On 
the hanging drop elide the tall shows weaker rapid trembling movements 
the mandibular movements cease the antennal movements increase in rate 
followed by slowing their activity becomes tremulous and finally stops en- 
tirely The effects correspond chiefly to narcosis. 

Alcohol appears to cause so mo excitation before depression. On the hang 
ing drop slide, tall movements are first increased hi rate and amplitude but 
later decreased Eye movements are generally slow rotation through a large 
angle AntennAl movements are first increased, then become gradually 
slow, small In amplitude and tremulous On free-swimming daphnia, alcohol 
causes some Increase m activity but no tendency to circle or rotate This 
Is followed b> » progressive decrease and cessation of movements Pento- 
barbital appears to act chicflj as a depressant. Magnesium has rather slight 
effect. 

The asphyxiants m daphnia, as in vertebrates, cause convulsive movements 
followed by depression Cyanide in free swimming daphnia causes an im 
mediate increase in activity The antennal movements are of normal rhythm 
and there is no tendency to loop or rotate. Later there is a progressive de- 
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crease in activity With the hanging drop shde the tail movements are in- 
creased in rate and amphtude The antennae show rapid movements of a 
normal type and the eye stalk movements are slow, small-angle rotations 
Tannic acid causes both stimulation and depression, but the stimulation 
might well be sensory Carbon dioxide produces chiefly depression, the 
movements are quickly decreased and the animal sinks to the bottom of the 
tube In the hanging-drop shde, tail movements are slow and feeble, and 
eye movements cease 

As the action of convuhants m vertebrates is associated with definite 
structures in their central nervous system which are quite different from those 
of the invertebrate ganglionic centers, the effects were watched with special 
interest Strychnine in free-swimming daphnia causes rapid, continuous 
beating of the antennae which results m rapid circling and looping The 
movements gradually become slower but re main of the continuous type, the 
amphtude being decreased The tail movements are decreased m amphtude 
and rate and the tail death assumes a characteristic position extending m the 
axis of the body Bonnet (2) noted that strychnine causes paralysis m cray- 
fish and that this action is central Viehoever (4, 5) described effects in 
free swimming daphnia which he classes as convulsive Metrazol produces 
gradual depression of free-swimming daphnia, apparently without preceding 
stimulation On the hanging-drop shde, the antennal, mandibular and 
) caudal movements are decreased in amphtude and increased in rate Cocaine 
causes complex motor effects The tail movements are not affected, but the 
mandibular movements become slow, regular, and feeble The antennal 
movements are continuous and jerky The eye movements stop imme- 
diately We may conclude that the drugs which are convulsant for ver- 
tebrates do not produce analogous effects m daphnia, though strychnine does 
show some phenomena of stimulation 

Some miscellaneous drugs give the following results Digitalis is depressant 
It causes feeble movements of the tail, active mandibular movements, but 
cessation of antennal and eye movements Bismuth tnmethyl results m 
rather marked stimulation followed by depression The free-swimming 
daphnia show increased movements, and the antannae beat with normal type 
rhythm There is no tendency to loop or rotate On hanging drop slides, 
tail movements are increased m rate and amphtude immediately, but quickly 
show decrease in amphtude, becoming weak and slow 

Respiration 

The respiratory movements consist of synchronous rhythmic sweeping 
movements of the ventral appendages, which are modified gill-like structures 
Occasionally the movements cease momentarily, then resume the rhythm of 
approximately 140 to 200 beats per minute This rhythm must depend upon 
the state of both the nervous centers and the peripheral muscular mechanism 
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Its response to drugs is very tamilar to that of the other striated muscle except 
that the stimulant phase of nicotine, epinephrine, cyanide and strychnine 
is absent, these depress respiration directly Drugs which depress vertebrate 
respiration also depress the respiration of daphnia, but the drugs which strmu 
late vertebrate respiration vis nicotine carbon dioxide cyanide, metraxol 
and strychnine, are purelj depressant to the respiration of daphnia. 

SUMMARY AND CONCLUSIONS 

Attempts were made to determine the usefulness of daphnia magna as a 
suitable animal for pr elimina ry pharmacological orientation The responses 
were as follows, as compared with vertebrates 
Sympatheticomimetdo drugs cause acceleration of the heart but only part 
of the other reactions typical for vertebrates 
Parasympatheticomimetic drugs stimulate the intestines but do not slow 
the heart Their mteetinal action is prevented by atropine, as m vertebrates 
Cardiac tonic drugs cause slowing of the heart, but dilatation instead of 
tonus. 

Cardiac depressants agree in general with the action in vertebrates Skele- 
tal muscle curare action probably agrees with curare action in vertebrates 
Muscular twitching by peripheral action corresponds in general with that 
action m vertebrate* but is somewhat equivocal 
Chemical ngor was not observed 

Respiratory depressants correspond in general to the vertebrate action. 
Respiratory stimulant* do not correspond to the vertebrate actions 
Central convulaant action does not correspond to the vertebrate action 
except for some similarity with strychnine 

Central depressants correspond m general to the vertebrate action. 

It is seen that the pharmacologic reactions of daphnia differ qualitatively 
from those of vertebrates in many particulars, which limit the usefulness of 
this animal as a pharmacologic reagent. 
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A number of investigators have shown that certain drugs influence the 
excretion of ascorbio acid from the body (1) Gruhzit (2) studied the effects 
of sodium diphenyl hydantomate on the blood ascorbic acid level in rats and 
reported negative results Kimball (3) and Kimball and Horan (4) write 
that 61 per cent of their patients receiving dilantin in the treatment of epilepsy 
showed a varying degree of hyperplasia of the gums Their treated patients 
with normal gums showed no vitamin C deficiency, whereas every patient 
with marked hyperplasia of the gums presented a definite reduction in blood 
ascorbic acid Recently Merritt and Foster (6) published a paper in which 
they express the belief that dilantin has no effect on the plasma ascorbic acid 
level in man Frankel (6) reported that the deficiency in ascorbic acid 
content of the blood parallels to a certain degree the amount of hyperplasia 
of the gums in dilantin treated patients 
Our interest m this problem was aroused by the above conflicting reports 

METHODS 

Adult albino rats, kopt on a vitamin C free diet (7), Here used in this work One 
group of animals, which was used for the study of urinary excretion of vitamin C, was 
kept in individual metabolism cages These cages were placed ovor large glass funnels 
with a trap for collecting the feces Below the large funnel was placed a 600 cc Er 
lenmeyer flask which contained in some instances 10 cc of a 10 per cent metaphosphono 
acid solution and m other instances crystalline metaphosphonc acid and mineral oil 
The urine was collected over a 24 hour period It was made up to 100 cc and tho total 
amount of vitamin C excreted was determined by titrating tho unno into a known 
amount of standardized 2-6 dichlorobenzenonemdophenol 

The sodium diphenyl hydantomate was dissolved in distilled water to which was 
added 2 or 3 drops of 4 N sodium hydroxide solution The drug was administered by 
stomach tube as a single dose of 600 mgra per kilogram Fourteen animals were used 
in this particular series and 28 experiments wero performed 

Forty-three rats were used for the study of vitamin C in which the tissues and urine 


1 This investigation was made possible by a grant from Parke, Davis and Company 
for research in science 
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wera pooled. Theae were placed on a diet free of vitamin 0 (7) and kept Ln pro ape of 
fi to 7 animal* in each cage After the animal a were on thii diet for a week a tingle do*e 
of 500 mgm . of dDantin per kilogram waa given by atomach tube to 20 of the 43 anlmala 
the remaining 14 aerved aa control*. Four day* after the adminiatratlon of the drug 
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DAYS 


Fio 1 ahowB the average daily urinary excretion of aaeorbio add in 14 rata. Incurve 
A at 1 500 mgm. dil an tin per kilogram were given by atomacb tube Twenty -threa 
daya later at 2 In curve B a accond doae of 600 men. of dllantln per kilogram waa given 
orally Fifty-four daya later at 3 In curve C a third doae of 600 mgm. of dllantln par 
kilogram waa given the tame anlmala. 



Fio. 2 A graph ah owing the average daily urinary eicreti on of aacorbic add, in mam. 
per 24 hour* by 14 normal and 29 dllantln- treated rata over a period of aix daya. For 
analyaia the urine* of all of the experimental anhnala were pooled a* were thoae of the 
controls. The anlmala had been kept on a vitamin O-free diet three wetka before theae 
experiment* were performed and throughout these observations The curve with the 
open circle* i* that of the control anlmala, and the curve with the dot* [a that of the 
experimental anlmala On the third day. aa indicated by the arrow i all of the treated 
rat* were given by atomacb tube a single doae of 600 mgm. of dllantln per kflogmm. 
The pooled unnea were analysed for total vitamin C excretion and from thee* figure* 
the dally excretion per rat waa calculated In thla figure the abadaaa indicate* the time 
in daya and the ordinate the average vitamin C excretion in milligram* per rat par 
24 hour*. 


12 of the 29 experimental and 4 control anlmala were killed by cerebral oonetudoo. 
One ec. of blood from each animal In the experimental group aa it waa killed waa added 
to 20 ec of a mixture containing 4 per cent metaphoaphoric acid and 8 per cent triehlor 
aoctic add In water (8) Approximately 1 gram of liver waa removed from each animal 
Immediately after it waa killed and thla waa froten in a mixture of CO* Ice and ether 
Section* of muacle brain and both adrenal gland* were aunllarly treated. All section* 
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TABLE 1 

The effect of dilantin given orally on the atcorbic acid content of certain liesuee 
The tissues and 1 cc of blood from each animal were analyzed separately and the 
results of all of the animals in each group were then averaged for convenience of publica- 
tion One week was allowed between each administration of dilantin Seven of the 
animals designated f received 1 dose of dilantin before they were sacrificed, 6 marked f 
received 2 doses and 5 indicated by * were given 3 doses 
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TABLE 2 


The effect of dilantin given orally (stomach tube) on the ascorbic acid content of certain 

tissues 

The determinations were made on pooled organs 
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of the ume typo of orgxn were weighed accurately while fro ion and pot Into 20 ee. of 
the ml it are of metaphoaphoric and trichloracetic adds and ground with aand Theae 
pooled ground organa were then tranaferred to 60 cc tubes and centrifuged. The 
aupematant liquid woe poured off made up to 60 cc and titrated with sodium t-S 
dichlorobemenonelndophenol The tlaauea of the 4 control animals were treated In a 
like manner One week after the first administration of dllantln the 17 remaining 
experimental animals were gWen a second single dose of 600 mgm. of dllantln per kilo- 
gram and after a lapse of 4 dayi 10 experimental and 6 control animals were again 
sacrificed and the tlaauea treated as above One week after ths second administration 
of dllantln the remaining 7 experimental animals were given a third single dose of 600 
mgm of dil an tin per kilogram. Four days later all of these as well as the 6 control 
animals were killed snd the tissues analysed 

Twenty-six animals were used In a third series of experiments in whleh the vitamin 0 
content of the tissues as well as that of the blood of each animal was determined aepa 
rately Seven days after the animals were placed on the diet free from vitamin C 18 
of them were given orally one dose of 500 mgm of dllantln per kilogram and four days 
later 2 of the animals which did not receive the drug and 7 whleh did were killed. 8ped 
mens of liver brain, skeletal muscle blood, and the adrenal glands of each animal were 
treated aa above and analyzed for vitamin 0 content. The remaining experimental 
animals were given a second dose of dllantln one week after the first and four days later 
0 of these and 8 controls were killed and the tissues analysed The remaining 6 expen 
mental were given a third dose of dllantln one week after the second and four 

days later all the remaining animals were killed and the tissue* studied as above 

RESULTS 

Figure 1 shown the effects of single doses of dilantin on the average dally 
urinary excretion of vitamin C in 14 animals The drug was administered 
to the eame animals on three different occasions which are designated 1 2 
and 3 In this series of experiments the vitamin O excretion was determined 
daily for each animal and then averaged 

It will be noted that the ascorbic acid excretion in the urine reached its 
peak within the first four days after the administration of dllantln. The 
first and second doees of dilantm (curves A and B) caused a greater excretion 
of vit amin C than did the third dose (curve C) Figure 2 shows a similar 
effect of dilantm on the daily excretion of vitamin C for six days m pooled 
unne from 29 animals. 

It is seen from table 1 that all of the tissues studied show some decrease 
In ascorbic acid content following the administration of dilantm. In this 
senes of experiments the adrenal glands, the brain and the skeletal muscle 
show the greatest reduction in vitamin C Table 2 shows the same general 
changes with pooled tissues. 


BUUUART 

1. Sodium diphenyl hydantolnate (Dilantin) given orally to albino rats 
causes an increase in the excretion of ascorbic acid in the unne as determined 
by the sodium B-6 dichlorobenxenoneindophenol method. 
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2 The maximum excretion of vitamin C in the unne following the oral 
administration of dilantin is reached on the fourth day, returning to Its con- 
trol level on the fifth to seventh day 

3 The body supply of vitamin C appears to be gradually decreased by the 
administration of dilantin as indicated by our tissue studies 
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The present report us concerned with the pharmacological properties of a 
senes of furfury Famine derivatives synthesized and described by Zanettl 
and Bashour (1039 1040) No previous pharmacological investigation of 
these products could be found in the literature 
The parent substances for this senes of furfuryl amines are a . — Furfurane 
l) — Furfural c. — MethyFfurfurane and d , — Furfury Famine. McGuigan (3) 
found that furfural was slightly antiseptic that it was highly tone to frogs 
resulting m convulsions, and that locally it was anesthetic In mammals tho 
administration of furfural resulted in depression followed by paralysis and 
death He reviews the pertinent literature (see also 1) 

Koch and Cohan (2) found that furfurane administered to rats and rabbits 
by inhalation resulted in convulsions of medullary origin followed by re- 
spiratory paralysis and death. Injection of 1 6 co of furfurane Into a dog 
weighing 10 kilograms caused immediate death. When the drug was given 
orally to rabbits death followed immediately in one case and in 24 hours in 
another Post-mortem examination revealed hyperemia of the lungs 
generalised venous dilatation and a cherry red color of the blood resembling 
that seen In cyanide poisoning 

Fuji! (1 b and c) reported upon the pharmacological activity of furfur-ethyl 
amine and of furfur methyl amine (furfury Famine) Hie precursor of the 
senes under investigation is furfury Famine in which either one or both 
available hydrogens on the nitrogen are substituted. Fujfi reported that 
furfur-ethyl-amine caused constriction of blood vessels by a direct action 
upon the smooth muscle. In the rabbit intravenous injections caused an 
immediate but transient fall In blood pressure followed by a rise which 
eventually ended m a permanent depression of the blood pressure. He 
reported depression of the Isolated frog heart, while on the Isolated rabbit 
heart there resulted an increase in the rate and strength of the beats. Isolated 
stops of intestine and of the uteri of rabbit guinea-pig and cat were stimulated 
by f u rf ur-ethy Famine. 
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The pharmacological action of furfuiyl-amine was reported to be Bimilar to 
that of the furfur-ethyl-amme Intravenous injection resulted m a fall of the 
blood pressure of the cat, while that of the rabbit was elevated There was 
httle activity on the isolated frog heart and no depression of the central 
nervous system Isolated intestinal and utenne stnps were contracted 
The M L D for mice was reported as 0 2 mgm per gram of animal 
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EXPERIMENTAL 

Table 1 contains the formulae of the substances which w e investigated 

The hydrochlorides of all of these substances were soluble m 0 9 per cent 
NaCl except Z-6, which was dissolved first by adding several drops of con- 
centrated hydrochloric (12N) acid, then neutralizing to pH 4 05 by means 
of sodium bicarbonate 

When the fore-mentioned drugs were added to Ringer (pH 7 4) solution in 
the ma ximum concentration of 1 2,500 used, the reaction of the resultant 
solution lay between pH 6 7 and 7 1 The effects reported below n ere 
therefore not accounted for by changes m the reaction of the bath fluid 
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RESULTS 

Isolated intestinal strips 

Cat and rabbit intestine were suspended m Ringer a solution at 88 C in 
the usual manner Each, of the preparations was instilled into the bath 
fluid at least once before any other medication. Where the drug had a 
definite pharmacological effect it was tned again in the presence of itself or 
in the presence of each of the others in order to detect any change in reaction 
due to such change in the environment. 

Z-l, Z-2, Z-3, and Z-4 had no demonstrable effect upon the strips m con 
centraUona from 1 6 000 to 1 ,50,000 while the reactivity of the stripe to 
epinephrine, acetyl-choline and banum chloride wsa not in any way modified 
by the presence of these drugs. In like concentration the other members of 
this senes from Z-5 to Z-ll inclusive depressed the rabbit intestinal stripe 
Z-6 was the most active member of the group, as might be expected because 
it is a phenyl-amine denvatlve If the depression were not too great, acetyl 
choline and banum chloride were capable of stimulating the strip and opi 
nephrmo could depress it still further In no cases was the depression 
permanent, for the strip would recover satisfactorily after one or more 
washings with Ringer's solution. 

Isolated uterine strips 

Non-pregnant strips of the uterus of the cat, the rabbit and the guinea-pig 
and the strips of the pregnant cat and rabbit uterus were used. Z-l to Z-4 
inclusive had no effect on such strips The remaining drugs were divisible 
mto 2 types, ( 1 ) Z-5 Z-9 Z-10 and Z-ll depressed the utenne strips to which 
they were added in concentrations of 1 100 000 or greater, Z-6 being the 
most powerful. The depression caused by these drugs was not permanent 
nor did their presence in the larger dilutions abolish the effectiveness of 
epinephrine, acetyl-choline, barium chloride or histamine phoephate Neither 
atropine nor ergo famine modified the reactivity of the uterus to them 
(£) Z-5 Z-7 and Z-8 had a stimulatory effect upon the non-pregnant rabbit 
uterus and no effect whatever upon the non-pregnant guinea pig uterus. 
Z-7 had no effect upon either the virgin or pregnant cat uterus Ergotamine 
tartrate had no effect on the action of Z-7 and abolished but did not reverse 
the action of Z-8 on the rabbit uterus. 

Z-5 did not alter the activity of the non pregnant uterus of the cat but 
stimulated tho pregnant organ. Ergotamine tartrate reversed the stimulatory 
action of Z-5 on the rabbit uterus once m 2 trials while on tho pregnant cat 
uterus (which was consistently stimulated by Z-5) ergotamino invariably 
abolished although it never reversed the action This finding is consistent 
with tho inoffectivcnces of Z-5 upon the non-pregnant cat Uterus which is 
normally depressed by epinephrine. These drugs did not abolish the re- 
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activity of the uteri to acetyl-chokne or to epinephrine, nor did atropine 
modify the reactivity of the uten to these drugs 

The pupil of the rabbit was used in connection with Z-5 and Z-7 to test 
further the suggestion, implied by the foregoing facts, that these two drugs 
may possess “sympathomimetic” powers The drugs were instilled mto the 
conjunctival sacs of normal rabbits and of rabbits from which the left suponor 
cervical ganglion had been removed at least 6 months before No dilatation 
followed When injected intravenously m doses of 10 mgm per kilogram 
both compounds failed to dilate either the normal or the denervated pupil 

Z-5 and Z-7, given to rabbits subcutaneously m doses of 10 and 20 mgm per 
kilo, failed to raise the blood sugar above that of the saline injected controls 
These same rabbits were found to be quite sensitive to the hyperglycemic 
effects of epinephrine in doses of 0 01 mgm per kil o 

The isolated frog heart 

The frog heart was perfused a — by way of the vena cava by a modified 
Loewi technic (4), or b — by way of the aorta according to the method of 
Straub (1910) The experiments were run at room temperature (22 to 23°C ) 
using a two-thirds dilution of mammalian Ringer solution as the perfusate, 
which was aerated constantly during the experiment The hearts were 
removed from frogs which weighed between 45 and 60 grams after pithing 
and exsanguinating the animal The contractions of the perfused heart were 
recorded upon a kymograph by attaching either the ventricular apex alone, 
or both it and the auricle, to recording levers In this way we could determine 
the effect of the drugs upon the rate and strength of the ventricles and auricles 
and the effect upon A-V conduction 

a — The Loewi preparation is more apt to respond to neuromuscularly 
acting drugs such as epinephrine and acetyl-choline because the perfusion 
fluid bathes the sinus venosus When an injection of one of the drugs was to 
be made the flow of fluid from the reservoir to the perfusion cannula was 
interrupted and the latter allowed to empty down to its narrow neck by the 
contractions of the heart At this time the cannula was filled with the 
solution to be tested In this way only a small sample of the proper con- 
centration of drug was necessary — a procedure necessitated by the smallness 
of the samples available In this senes Z-4, Z-7 and Z-8 were not tned due to 
lack of matenal 

Z-l, Z-2, and Z-3 in concentrations of from 1 5,000 to 1 100,000 had no 
effect Z-5, Z-6, Z-9, Z-10 and Z-l 1 in similar dosage brought about slowing 
of the ventricular rate, weakening or stoppage Doses of atropine which 
abolished the bradycardia from acetyl-choline had no effect upon the de- 
pression from these drugs Only Z-9, in concentrations of 1 10,000 or larger, 
resulted m permanent cardiac arrest In these hearts epinephrine in con 
centrations greater than 1 10,000 alwajs depressed the heart, but more 
dilute solutions were stimulant 
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The Z senes of drugs had no obvious blocking action, the A V rhythm 
persisting unto complete stoppage of the heart. 

6 — The Straub method of perfusing the ventricle naa the advantage that 
neural effects are minim al and in that very wmnll amounts of drugs are 
necessary The column of fluid was fixed at 4 cm. above the aortic opening. 
Z-4 was not tried. 

7r- 1, Z-2 and Z- 3 in concentrations a a high as 1 1,000 ware ineffective. 
Z-5 to Z-ll inclusive resulted m slowing, weakening or in stoppage of the 
heart depending upon the concentration. Usually upon washing with 
frog Ringer's solution, recovery was prompt and complete Z-0 Z-10 and 
Z-ll were the most tone leading to persistent depression in concentrations of 
1 8 000 Z-7 and Z-8 were the least tone, being ineffective m concentrations 

lew than 1 6 000 Epinephrine also depressed the heart in concentrations 
above 1 10 000 but it gave stimulation when more dilute. As before, 
atropine did not abolish the depression from these preparations. 

The action on the blood prenure of the anesthetized cat 

Adult cats anesthetized with sodium pento barbital 40 mgm. per kilogram 
intrapentoneally, were prepared for blood pressure recording by cannuhxatlon 
of the carotid artery, injections were made through a cannula into a saphenous 
\ein The drugs were injected in doecs of from 6 to 20 mgm. per kilogram 
usually aa a 1 per cent solution and wore washed in with 2 cc. of saline or 
Ringer's solution The animals were kept warm by means of an electnc pad. 
Preliminary test injections of saline and of epinephrine usually 0 1 cc. of 
1 10 000 per kilogram, and of small doses of acetyl-choline before and after 
atropine were made routinely Each animal was tested also with epinephrme 
at the end of the experiment 

All of the drugs of this senes that were tned caused a slight to a moderate 
depression of blood pressure, not abolished by atropine. From 10 mgm per 
kilogram or leas the fall in pressure was s ligh t and transitory though in one 
a nim a l this dose of Z-10 caused the blood pressure to fall to zero this animal 
was revived by means of manual artificial ventilation but the blood pressure 
remained below the original level for the remainder of the experiment In 
doses of 20 mgm per kilogram Z-l Z-2, Z-3 Z-5 Z-0 and Z-7 all caused a 
marked but transitory fall m pressure Z-5 being the most active. The 
effectiveness of epinephrine was not in any way modified by tho injection of 
these drugs 


Toxicity in frogs and trace 

Frogs weighing 26 to 30 grams received these drugs into tho anterior lymph 
sac m the usual manner Surviving animals were observed for 48 hours after 
the injection Tho frogs were kept in water at room temperature. The 
doees ore reported in mgm per 10 grams of frog weight. Z-9 was not tned 
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In doses of 2 mgm. Z-5 caused definite depression lasting little more than 30 
minutes, but Z-6, Z-10 and Z-ll caused excitement and hyper-reflexia up to 
2 hours after the injection, Z-3 and Z-7 were ineffective Three to 4 mg of 
Z-l, Z-2, Z-3, Z-4 and Z-8 proved inert On the other hand, similar doses of 
Z-5, Z-6, Z-7 and Z-10 resulted m immediate generalized depression ending 
in- death in from 10 minutes for Z-10 to 17 minutes for Z-7 Post-mortem 
examination revealed the heart stopped but irritable to electrical and me- 
chanical stimuli, as were also the muscles and the sciatic nerves Z-ll 
resulted m depression followed by excitement, hyper-reflexia and tetanic 
convulsions These animals did not die A dose of 10 mgm of Z-3 caused 
depression within 15 minuted which deepened until death 2 hours later 
Autopsy revealed the heart still beating 

Into albmo mice weighing 30 to 35 grains these drugs were injected mtra- 
pentoneally as a 1 per cent solution and the doses are reported m mgm. per 
10 grams of mouse The surviving animals were observed for at least 48 
hours after an injection. Z-9 was not tried 

In doses of less than 1 mgm Z-4 was meffective, Z-5 resulted in convul- 
sions m 2 minutes, followed by depression for an hour, with recovery Doses 
between 1 and 2 mgm of 27-1 and Z-2 were meffective, similar doses of 21-3, 
Z-4 and Z-5 resulted in respiratory distress, ataxia, dome convulsions and 
death in from 2 to 16 minutes Autopsy revealed the heart still beating 
feebly Corresponding doses of Z-6 gave rise to transient excitement whereas 
Z-7 and Z-8 caused immediate ataxia followed by generalized depression with 
death in 23 hours Post-mortem examination was negative Doses of from 
3 to 4 mgm of Z-l proved meffective, 3-4 mgm of Z-2, Z-3, Z-4, Z-5, Z-7 
and Z-8 led to ataxia, convulsions and death m from 2 to 10 minutes, and 
autopsy revealed the hearts stall beatmg, 3-4 mgm of Z-6 resulted in imme- 
diate collapse with death in 22 hours Such doses of Z-10 and Z-ll elicited 
immediate convulsions lasting from 24 to 96 minutes The mice were ex- 
hausted but ahve At this pomt, they were given another similar dose in 
order to test for the development of “tachyphylaxis” similar to that seen 
with nicotine Convulsions followed the second dose, the mice succumbing 
within 20 minutes Post-mortem examination was negative 

SUMMARY 

The foregoing data indicate that the senes of furfuryl-amine denvatives 
listed has little pharmacological activity and that the order of toxicity is low 
The toxicity increases with the length of the substituents on the mtrogen 
molecule Four of the six mono-furfuryl-amines were less toxic than the 
di-furfuryl-amine denvatives 

Amj 1-furfuryl-amine, and methjl- and ethyl-di-furfuiyl-amines stimulated 
the rabbit uterus and depressed the rabbit intestine, suggesting that the} 
may possess some degree of “sympathomimicity ” If so, the action is pre- 
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dominantly upon the motor mechanism because the effect upon the uterus Is 
abolished but not reversed by ergo tonne and the non pregnant cat uterus is 
not inhibited. In this respect, these substances superficially resemble ephed 
nno. On the other hand these drugs do not stimulate the frog heart nor 
do they raise but in large doses depress the blood pressure of atropinued 
cats. The other members of the mano-furfuryl-aminee are inert while the 
others of the dl furfur^l-aminee depress smooth muscles at all tunes 
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It was shown by Johlin and Moreland (1) that the turtle can survive under 
conditions of complete anoxia for 30 hours or longer, acquiring a fermentable 
blood sugar concentration as high as 1100 mgm per cent and a blood lactic 
acid content as high as 1000 mgm per cent Moreland (2) showed that the 
histotoxic anoxia of cyanide poisoning produces almost equally high levels 
in the fermentable sugar and lactate content of the blood of the turtle even 
when the dosage is small enough to permit the animal to survive He also 
showed that the glycogen of the ventricles disappears almost completely 
during this anoxia, while considerable stores of glycogen remain in the muscles 
and hver 

The present paper contains the results of an investigation of the oxygen 
consumption of turtles poisoned by cyanide, of the effect of methylene blue 
upon the oxygen consumption of poisoned animals, of the effect which 
methylene blue has upon the restoration of the heart glycogen and of its 
effect upon the recovery of cyanide from the respiratory gases It will be 
shown that methylene blue helps to maintain the bodily vigor of turtles 
poisoned by cyanide and to restore the heart glycogen, that it increases the 
oxygen consumption without immediately greatly lowering the high con- 
centration of glucose and lactates m the blood, and that it greatly reduces the 
amount of cyanide to be recovered from the respiratory gases The data 
obtained apparently conform with Wendel’s (4) postulation that the action 
of methylene blue is that of converting hemoglobin into methemoglobin in 
the presence of cyanides According to Wendel’s view the addition of both 
cyanide and methylene blue to blood results m the rapid conversion of hemo- 
globin into methemoglobin The reduction of methemoglobm to hemoglobin, 
by leuco-methylene blue and the enzyme systems of the erythrocytes, which 
normally tabes place when methylene blue alone is added, is prevented by 
the stab ilizin g action which cyanides have m the formation of the less easilj 
reducible cyanmethemoglobin 

i Aided by a grant from the Fluid Research Fund of the Rockefeller Foundation 
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UATER1AL8 AND METHODB 

Practically all of the turUon used wore the pain tod variety weighing between 
500 and 700 grama. All analyse* for glycogen for blood sugar and for lactate were 
made as described In two previous papers (1 2) 

The rate* at which HCN and carbon dioxide were expired and the rate at which oxy 
gen was consumed were determined simultaneously The respiratory ohamber was a 
glass desiccator having an approximate volume of 2000 ce carefully calibrated and 
connected with various calibrated device* for absorbing COi*nd HGN and forautomati 
cslly keeping the ga* prssanre within the apparatus constant by admitting oxygen a* 
fast as It was consumed. The absorbing device was such as to produce a continuous 
circulation of th* gases within the apparatus through the absorbing chamber for COi 
and tbe connecting tube* which contained a diver nitrate solution for the absorption 
of HCN A similar absorbing device has been described heretofore by the writer (3) 
The two cyanide absorption tube* were placed between the two outlet* of the COi 
absorption chamber and those of the desiccator so that the cyanide circulating with 
the air of the desiccator to the COi absorption chamber was removed from the dreu 
Is ting gas before it reached the latter chamber The pressure within this respiratory 
apparatus was read on a mercury manometer by means of a microscope cathetometer 
The apparatus wai used In a constant temperature room at 20* 

All Injections of animals receiving sodium cyanide and methylene bine were made 
Intramuscularly Unless otherwise stated, tbe dosage for cyanide was 25 mgm. per 
kilogram of body weight and that of methylene bine was 40 mgm. (total) pH deter 
ruinations were made with the glass electrode. As In previous experiments, blood 
sample* were taken under mineral olL 


RESULTS 

Animals -which were injected with 25 mgm. of sodium cyanide per kilogram 
almost invariably died Those receiving injections of 40 mgm. of methylene 
blue after the injection of cyanide invariably survived. Even when the 
methylene blue was administered 24 to 80 hours after the administration of 
the cyanide recovery occurred in the animals which were then still alive Hie 
heart glycogen of 18 animals which received oyamde alone and which died 
was invariably found to be greatly depleted at the time of death, varying from 
0 04 to 0 09 per cent (table 1, nos. 22-34) The time of survival of these 
a nim a l s varied from 18 to 144 hours. Occasionally an animal which had 
not received methylene blue recovered Two such animnls which were 
sacrificed three weeks later were found to have heart glycogen contents of 
6 0 and 7 9 per cent respectively Tbe blood sugar blood lactate and blood 
pH of these two animals had returned to normal levels. The average heart 
glycogen of 4 normal animals was found by Moreland to be 5.50 per cent, 
varying between 4.5 and 6 9 per cent. 

Animals receiving cyanide alone became almost lifeless soon after its 
injection Those which were injected with methylene blue immediately 
after receiving cyamdo remained active Those which still survived and 
received methylene blue 24 to 30 hours after receiving cyanide and which 
had become practically lifeless, became active agam within a few hours. \ et 
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methylene blue, even though it was injected immediately after the cjanide, 
did not prevent the heart glycogen from reaching a low level as may be seen 


TABLE 1 

Heart glycogen of turtles at various intervals following the injection of both methylene blue 
and sodium cyanide (1-19), and of turtles receiving cyanide only (18-Si) 


AinJUl NUMBER 

TIME I NTT E VAX BETWEEN CJTAXIDE 
AMD METRTXENX BLUE INJECTIONS 

TIME INTERVAL BETWEEN 
CTANIDE INJECTION AND 
OLTCOOEN DETERMINATION 

TEE CENT HEART 
OLTCODEN 

1 

None 

18 hours 

0 19 

2 

None 

18 hours 


3 

None 

24 hours 

0 09 

4 

None 

24 hours 

0 04 

6 

None 

36 hours 

0 68 

6 

None 

36 hours 

0 38 

7 

None 

36 hours 

0 41 

8 

None 

84 hours 

1 71 

9 

None 

144 hours 

1 71 

10 

None 

3 weeks 

6 60 

11 

None 

3 weeks 

4 83 

12 

None 

3 weeks 

4 64 

13 

24 hours 

120 hours 

1 28 

14 

24 hours 

120 hours 

1 39 

16 

24 hours 

120 hours 

1 34 

16 

32 hours 

166 hours 

1 66 

17 

36 hours 

130 hours 

0 89 

18 

36 hours 

165 hours 

1 00 

19 

Received cyanide only 

18 hours (8) 

0 07 

20 

Recoived cyanide only 

24 hours (8) 

0 06 

21 

Received cyanide only 

36 hours (8) 

0 06 

22 

Received cyanide only 

18 hours (D) 

0 07 

23 

Received cyanide only 

24 hours (D) 

0 07 

24 

Received cyanide only 

24 hours (D) 

0 08 

26 

Received cyanide only 

24 hours (D) 

0 04 

26 

Received cyamde onlj 

24 hours (D) 

0 09 

27 

Received cyamde only 

26 hours (D) 

0 04 

28 

Received cyamde only 

32 hours (D) 

0 09 

29 

Received cyamde only 

32 hours (D) 

0 09 

30 

Received cyamde only 

36 hours (D) 

0 06 

31 

Received cyamde onlj 

72 hours (D) 

0 06 

32 

Received cyanide only 

SO hours (D) 

0 04 

33 

Received cyamde only 

96 hours (D) 

0 06 

34 

Received cyamde onlj 

144 hours (D) 

0 09 


(S) Animal was sacrificed at time indicated 
(D) Animal was killed at time indicated 


by the data of table 1 The administration of methylene blue appears, 
however, to have effected a rapid recover}' of the heart glycogen Animals 
1 and 2 which vere sacrificed 18 hours after receiving cyanide and methylene 
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blue were found to have heart glycogens of 0 19 and 0 07 per cent Animals 
3 and 4, which were sacrificed after 24 hours, also had almost exhausted their 
stores of heart glycogen Animals 5-12, which were sacrificed at progres- 
sively later periods, had a progressively increasing amount of heart glycogen 
which was found to have returned to a normal state within 3 weeks Animals 
13-18, which survived cyanide poisoning for 24 and 36 hours and then re- 
ceived methylene blue soon recovered their bodily vigor and increased their 
heart glycogen (assuming that the heart glycogen had reached as low a level 
as that of animals 1-4) 

Moreland found tho average pH of the blood of animals receiving 100 mgm. 
of cyanide to be 6 76, 20 hours later while in animals receiving only 20 mgm. 
the pH was found to be 7.38 The blood bicarbonate of animals receiving 
20 mgm. of sodium cyanide was as lovr as that of animals receiving 100 mgm. 
of the poison. Apparently the animals receiving the lesser amount of cyanide 
had retained the ability to overventilate sufficiently to maintain an almost 
normal blood pH 

In tho present investigation it was found that the blood pH of nearly all 
animals receiving both methylene blue and cyanide was near an average of 
7.52 at the time when they were sacrificed. That of one animal, sacrificed 
36 hours after injection, was 7 76 (The average normal pH of 15 animals 
was found by Moreland to be 7 76 ) 

The retention of their bodily vigor b> those animals which received methyl- 
ene blue after injections of cyanide does not signify the absence of a relatively 
high level of glucose and lactates in the blood The animal which, at 36 
hours after injection had a blood pH of 7 75 also had a blood lactate content 
of 432 mgm. per cent and a blood sugar of 204 mgm per cent This con 
diticm might be brought about by hyperventilation In the case of another 
animal sacrificed 83 hours after injection the blood pH was 7 67 and the blood 
glucoee and lactate 727 and 308 mgm. per cent respectively The severe 
acidosis which is to be found m animals about to die of cyanide poisoning is 
due not only to a depleted alkali reserve, but to respiratory failure when the 
animal has become completely exhausted 

One animal received 26 mgm. of sodium nitrite per kilogram of bod) weight 
following the injection of cyanide It was killed 168 hours later having 
retained its vigor during this penod. At this time it had a blood pH of 7 41, 
glufcose and lactate contents of 286 and 114 mgm. per cent and a heart 
glycogen of 1 65 per cent 

Preliminary to determining the effect which c> snide has upon the oxygen 
consumption of turtles it was found that 2 normal animals had respiratory 
quotients of 6.8 and 7 0 and that their hourly oxygen consumptions were 
87 0 co and 21 J> cc 

To determine the effect which cyanide both in the presence and absence 
of methylene blue has upon the oxjgen util i ration the respiratory quotient 
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and hourly oxygen consumption, were determined on the basis of the oxygen 
consumed and the COj expired during consecutive periods of 2, 4, 0, 12 and 
24 hours following the injection of cyanide or of cyanide and methylene blue 
Some animals were injected with 25 mgm of NaCN per kilogram and others 

TABLE 2 

(a) Respiratory quotient, (6) hourly oxygen consumption cc , (c) per cent HCN recovered 
from respiratory gases, tn successive periods 



with 75 mgm Some were given simultaneous injections of 40 mgm of 
methylene blue The data thus obtained are given m table 2 The respira- 
tory quotient is at first very high whether or not the animal had received 
injections of methylene blue immediately after those of cyanide This nm> 
be attributed both to hyperventilation and to the formation of lactic acid 
When methylene blue was not administered the respiratory quotient gradually 
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decreased In value from that of the first two hours, but usually remain ed above 
the normal until the animal died. When the animal received an injection 
of methylene blue immediately after that of 25 mgm. of cyanide, the reepira 
tory quotient continued to decrease from its Initial high value more rapidly 
and eventually fell considerably below the normal. This is no doubt due 
to the disappearance of lactates and the restoration of the bicarbonate* of 
the alkali reserve. Aa was demonstrated by Johlin and Moreland the car 
bonates lost during an one anoxia, contributing to the pronounced acidosis, 
equal an amount greater than those contained in all of the body fluids of the 
animal and are, therefore lost from the bony structure as well. 

The hourly oxygen consumption of animals which had received methylene 
blue as well as cyanide vros, in general, considerably greater than that of thoee 
which received only cyanide. 

The amount of cyanide recoverable from the respiratory gases was deter- 
mined simultaneously with the respiratory quotient and the hourly oxygen 
consumption. The percent recovery of cyanide from the respiratory gases 
of animals which had received 76 mgm. of cyanide per kilogram of body 
weight was much greater than that from those which received but 25 mgm 
The recover}' of cyanide was greatly diminished by the injection of methylene 
bine. 


DISCUSSION 

Of the existing points of view regarding the action of methylene blue upon 
cyanide poisoning the present data would appear to support Wendel s claim 
(4) that the stabilising influence of cyanides upon methemoglobin favors the 
oxidation of hemoglobin to methemoglobin by methylene blue and this 
brings about the withdrawal of cyanides from the cytochrome system of the 
respiratory mechanism to re-establish the activity of the latter system. The 
cyanide recoveries, as illustrated by the data of table 2, are much greater in 
tho absence of methylene blue in the animal body than m its presence. 
Methylene blue greatly reduces the amount of cyanide recovered when the 
doee is large as well as when the approximately minimal lethal dose of 26 
mgm. per kilogram of body weight is administered The hourly oxygen 
consumption, induced by methylene blue, on the other hand is much less 
when the amount of cyanide is 75 mgm. than when it is 26 mgm. If methyl- 
ene blue temporarily replaced the cytochrome system, t he n it would seem 
that this difference should not be so great. 

The hourly oxygen consumption of animals which are injected with 25 
mgm. of cyanide and 40 mgm. of methylene blue is well within normal lrmits 
within a few hours after their injection. That tho metabolism of such ani- 
mals is nevertheless somewhat extraordinary is illustrated by the glucose 
and lactate content of t he ir blood which in one instance was found to be 727 
and 308 mgm. per cent respectively 83 hours after the injection when the 
animal seemed to be enjoying Its full vigor These figures for glucose and 
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lactate are comparable with those obtained when an ammal is injected with 
cyanide alone As pointed out by Wendel, the normal functions of a nima ls 
which have been poisoned by cyanide are by no means completely restored 
to their normal state by methylene blue It would appear that the pathway 
of an oxidative recovery following the administration of cyanide remains 
blocked and that the hepatic regulation of the blood sugar and the deposition 
of glycogen is disturbed even when methylene blue is administered It can- 
not be stated that more than one metabolic path involving different chemical 
trends is mvolved S im ilar complicated situations involving lactates but not 
glucose have been reported Ehrenfest and Ronzoru (5) found an accumu- 
lation of lactates m frog muscle under aerobic conditions after it had been 
treated with duutrophenol Garrey and Boykin (6, 7, 8) found that the 
inhibition of the turtle’s auricle is accompanied by a reduction of its oxygen 
consumption amounting to as much as 84 per cent of the resting oxygen 
utilization and that this reduction is not an essential feature of the inhibitory 
process They found the oxygen to be reduced 68 per cent by cyanide poison- 
ing which, however, does not interfere with inhibitory processes They 
suggest that “cellular oxidation may be the resultant of two different chemical 
trends ” 

This investigation was earned on with the technical assistance of David 
Stewart and Sam Cecil 

CONCLUSIONS 

The heart glycogen of turtles receiving injections of methylene blue follow- 
ing those of sodium cyanide does not remain depleted as it does when they 
receive cyanide alone The glucose and lactate contents of the blood, how- 
ever, remain at high levels long after the administration of the methylene blue 
or of sodium mtnte 

The oxygen consumption of turtles poisoned by cyanide is very consider- 
able but is greatly increased and brought within the limits of normal levels by 
methylene blue 

The amount of cyanide recoi erable from the respiratory gases of turtles 
poisoned by cyanide is greatly decreased by methylene blue 

These facts would appear to support the theory that methylene blue con- 
verts hemoglobin into methemoglobin under the stabilizing influence of 
cyanides rather than that it takes the place of the poisoned respiratory 
enzymes of the cytochrome system of the respiratory mechanism 
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Koppanyi and Krop (1) using a cobalt colorimetric method have reported 
an average of 8 per cent of administered amytal excreted in the unne, Hus 
is at sharp variance with the reports of Herwick (2) and Shonle *i aL (3) 
that no amytal could bo recovered by sublimation from such urine. Since 
the colorimetric method has recently been shown to lack the specificity 
originally ascribed to it (4) and since this method has been generally used for 
barbiturates it is important to establish its reliability quantitatively As 
is shown below not only has the precision of the method been unproved, bnt 
an explanation of the disparity between the previous findings on amytal 
excretion has been made. 

RPiUBTLITT OF THE (X) LORI METRIC METHOD 

The method of Koppanyi cl aL (5) for amytal gave an average variation in 
color intensity of 7 per cent in duplicate determinations on standard amytal 
solutions whose concentrations ranged from 18-300 mgm. per cent. Koselka 
it aL (6) previously showed that when fixed amounts of cobalt and base are 
used for different quantities of the barbiturate, the color intensities were not 
proportional to the amount of the barbiturate present. These errors are 
now shown to be due largely to the use of sub-optimal amounts of reagents 
(figs 1 and 2) These curves were determined from solutions of amytal in 
chloroform and were noturwo extracts (t> t ) By a suitable choice of amounts 
and concentrations of tho reagents, the average error of duplicate determina 
tions was reduoed to 1.5 per cent for the concentration range 18-300 mgm. 
per cent 

These results indicate that definite amounts of isopropylamine and Co 4 ** - 
ore necessary for the formation of an optimum color intensity This is in 
agreement with the results of Kozclln. and Tatum (7) who employed sodium 

Thla work wu aapported In part by a trant from the Committee on Therapeutic 
Research of the Council on Pharmacy and Chemistry of the American Medical Asso- 
ciation. 
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Fw 1 Vabmios op Colob Intensitt at Different Cobaltous Acetate 
Concentrations (0 3 cc or a 5 Per Cent Solution IsopitopTLAinNE) 
AbsoiBsa, cc of 1 per cent cobaltous acetate in absolute methyl alcohol Ordinate, 
dolor intensity m arbitrary scale divisions Amounts of amytal indicated, dissolved 
in 3 0 cc of chloroform, were used in each determination on their respective curves 
No maximum was observed for 0 36 m n of amytal, due to tho relatively greater m 
crease m cobalt color m companson with reaction color 



Abscissa, cc of 5 per cent isopropylamine in absolute mcthjl alcohol Ordinate in 
arbitrary scale divisions Amounts of amjtal indicated, dissolved in 3 0 cc of chloro- 
form, were used in each determination on their respective curves 
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ethylate as a base. Comparison of the curves In figures 1 and 2 with those 
of Koxelka and Tatum shows some differences. Their curves break sharp 1} 
at the minimum while those shown above approach maxima slowly The 
differences may be due to greater dissociation in our solutions which ware 
more dilute On the basis of concentration per cc of total volumes, 5-38 
times less amytal was employed, while about the same obount of Co ++ but 
10 times the amount of base were used Thus, more dilute solutions of the 
colored substance were produced 

Mtikod of preparation of ixtradi and development of color 
Urine extracts were prepared according to the following method Fifty cc samples 
of urine to which had been added 10 cc of 1 0 N sulfuric acid were extracted for { hour 
with 500 cc. of chloroform. The chloroform extract! were dried orer anhydrous sodium 
lulfate reduced to a convenient volume (25-50 cc ) by distillation and made up In 50 
or 100 co volume trio flasks.* 

The following solutions wore employed 

1 1 per cent solution of eobaltoua acetate (Baker 1 * CJ* ) in absolute methyl alcohol 
1 5 per cent solution of iaopropyl amine (E K Co ) in absolute methyl alcohol. 

In developing the color the following procedure 1 was employed To 0.2 cc of 1 per 
cent eobaltoua acetate, in a colorimeter cup waa added. In the following order 0.0 cc 
of 5 percent Isopropyl ami no, 2.0 cc of chloroform and 1 0 co of the chloroform extract. 
The solutions wore well mixed by rotation, and the Intensity of the color produced read 
on a photoelectric colorimeter 

The use of a color filter was considered. However It has been shown (4) that the 
oobaltou* acetate solution has a maximum color absorption at 5160 A, eobaltoua acetate 
and Isopropyl ami no at 5460 A and amytal plus thoae reagents at 6650 A. Any filter 
which would remove the 5150 A or the 5450 A bands would also remove so mueh light 
from the 5650 A band that the efficiency of the method would be seriously Impaired. 
Consequently no color filter waa used 

Urine pigment* and dm rmogenic iubttance* 

Two source* of additional colors have been Identified and attempts made to correct 
for each. These source* are (a) urine pigments oxtracted by chloroform and (b) chro- 
mogenlo substances, i.e non- barbiturate substances In the chloroform extracts of urine 
which react with the eobaltoua acetate reagents to produce oolor 

Delermtnabon of oximei color To evaluate the oolor due to urine pigments, a 1 cc 
aliquot was added to 2.8 ee of 20 per cent methyl alcohol in chloroform In a colorimeter 
cup These were well mixed and the color Intensity of the extract was read on the pho- 
toeleotrio colorimeter The use of 2.8 cc of 20 per oent methyl alcohol in chloroform 
duplicates the conditions of solvent composition and total volume employed in the color 
reaction. The color of the extract may represent an apparent excretion of a con- 
siderable amount of amytal e.g lOmgm per 100 cc of urine (table 1) 

Treatment with addle copper sulfate has been recommended prior to chloroform 
extraction This treatment had no app red able effect on extraction oolor (table 1) 
or In preventing emulsification. Treatment of the dry chloroform extracts with Norite 
removes much of these pigments however in extracts containing amytal varying 


‘Treatment with anhydrous sodium sulfate was shown to remove no detectable 
amount of amytal from known chloroform solutions. 

* Koppanyi a (5) procedure used 0 05 cc of eobaltoua acetate solution and 0.3 cc of 
the isopropyl smlnc 
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amounts of the barbiturates are also removed Lewy (8) and Brundage and Gruber 
(9) have shown a similar adsorption behavior for other barbiturates 

Determination of chromogenic substances To evaluate the color produced by non 
barbiturate substances m the chloroform extracts, normal urine of dogs receiving no 
amytal was extracted and the color developed by the above methods In table 1 arc 

TABLE 1 


Color reaction in unne extracts Dogs received no amytal 



UNTM5ATBD 

CoSOi T MUTED 


Color Intensities 

(scsJe divisions) 

Amytal 

eqair 

alent 

Color Intensities 
(sealo diritKwt) 

1 Amytal 
«Qulv 
alent 


Av*r 
| ate 

Unix® 

Arer 

age 

Hanjc 


! 


100 cc. 



BlffWt f 
100 cc. 

Total color extracts plus reagents* 



21 

0 19 1 


20 

Extract color 

Color due to chromogenic substances 





1 


(difference) 


1 

11 1 

0 09 

i 



* The "total color” valueB have been corrected for the oolor duo to the reagents, 
perse 


TABLE 2 

Color reaction m urine extracts Dog received amytal 



NUMB us or 
DmaiciUTi o xb 

AYXBUOE COLOB IWTENSrnta* X3CMEMED 11 
ruBOCNTAa* or amttal admjniste»bd 

Recovered in first 

24 hoars 

Recovered in woond 

24 hours 

Oral administration 

TTvym /kj m 




36 

4 

4 

3 

50 

4 

6 

2 

76 

3 

6 

16 

79 

3 

14 | 

0 

Intravenous admimstration 

42 

3 

13 

11 

60 

3 

6 

10 


* Corrected for extract color and color due to chromogenic substances 


given the data on 12 such samples, each sample was divided and one-half treated with 
copper sulfate prior to extraction with chloroform As may be seen, tho chromogenic 
substances in the unne extracts provide nn apparent aiernge value of 10 mg of amytal 
per 100 cc of unne The total color has an averngo equivalent of 20 mgm of amj tal 
per 100 cc of unne 8mce our dogs usually excreted 500 cc of unne per day, these two 
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*ourc« of color account for an apparent excretion of 100 mjm of amjial p«r day In * 
dot receiving no amytal 

The extract color can eaaily be determined on unue aamplea after ftxnytal adminis- 
tration bo we re r the color duo to non -barb iterate ehromogerue eubatancea cannot bo 
aaaayed An attempt to discover a mathematical correlation between the extract color 
and the color due to chromogenie aubatancea only demonstrated a high degree of inde- 
pendent variability Therefore becauae of the wide range in both color In tend tie* 
(table 1) rigorous corrections cannot be made However as a firrt approximation 
the extract color was determined and the color due to chro noogenic aubstances taken ar 
equal to this value 

INCREASE® IN COLOR INTENSITIES AFTER AMTTAL 

Since the method error has been markedly reduced and since two sources of 
extraneous color have been identified and given a rough quantitative evalua 
tkm it seemed worth while to repeat Koppanyi and Krop s (1) colonmetrio 
studies of unne from dogs given amytal In general, their data, on the 
basis of color onlj have been confirmed (table 2) significant increases in 
color intensities are obtained after amytal administration either orally or 
intravenously 


DISCUSSION 

Koppanyi and Krop (1) accepted the increase in color intensities as ovidcnce 
of amytal excretion There are several reasons why this interpretation should 
bo regarded as doubtfuL (a) The color reaction is given by a number of 
non-nitrogen ous substances (4) For instance isoamyl ethyl acetic acid, 
gram for gram, gives half as much color as amytal This is of major interest 
here since this compound has been named as a possible metabolic breakdown 
product of amytal (3) Other organic acids (e.g. acetic and butyric) also give 
the color reaction (4) (b) The adsorption maxima (4) of the colors produced 

by amytal (max. 6650 A) and bj other chromogemc substances (max. 
6600-6750 1) are so similar it is difficult to determino bj this means tho 
presence or absence of amytal m urine from dogs receiving the drug (c) No 
amytal precipitate was obtained when copper sulfate was added to a pyndine 
solution of the residue from the chloroform extract of unne of dogs receiving 
amytal (Zwikker test (10)) According to the color intensities measured, 
the combined chloroform extracts should have contained about 600 mgra of 
omytah To check the sensitivity of this test, 10 mgm of amytal were 
added to normal unne and the Zwikker test repeated In this test, a pre- 
cipitate appeared (d) Using the mouse injection teat, Berwick (2) and 
Shonle ct al (3) failed to recover any amytal by sublimation from similar 
solvent extracts. Because of the non-spccificity of the color reaction and the 
negative chemical and physiological tests for amytal it would seem advisable 
to designate the increased color intensities observed as apparent amytal 
excretion until positive evidence establishes the presence of the drug 
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SUMMARY 

1 The cobalt-isopropylamine color reaction for the determination of 
amytal has been studied critically Optimal amounts of reagents are rec- 
ommended which reduce the method error to less than 2 per cent 
for concentrations of amytal of 20-300 mgm per cent 

2 Dog unne normally contains pigments which are extracted by chloroform 
and which are mcluded m the total color of the amytal reaction This 
factor has been accounted for 

3 Dbg unne normally also contains non-barbiturate chromogenic sub- 
stances extracted by chloroform which produce color m the amytal reaction 
An attempt has been made to estimate this factor quantitatively 

4 Dogs fed amytal excrete, in the unne, an increased amount of color 
producing substances This increase cannot be taken as proof of amytal 
excretion 
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The action of histamine upon tho pulmonary circulation differs greatly in 
various species of animals (12 3) In the rabbit pulmonary constriction is 
tho important factor m elevating the pulmonary arterial pressure (4) In 
the cat the picture is more complicated Though it la established that his- 
tamine usually increases the pulmonary pressure controversy exists as to 
the mechanism responsible for this effect In the perfused lung venous flow 
is decreased, which Dale and Laidlow (6) and Oaawa (6) attribute to con- 
striction of the pulmonary vessels. The observation of And ores and Cloetta 
(7) that histamine reduces the lung volume while increasing tho pulmonary 
pressure argues for the importance of pulmonary constriction. Dixon and 
Hoyle (4), however report that histamine increases the lung volume, the 
venous outflow from the intact lung, and the pressure m the loft auricle. 
They conclude that the rise m pulmonary pressure from small doses of his- 
tamine la principally tho result of an increased output b> the nght heart. 
In the dog the picture appears oven more confused Man waring Monaco 
and Marino (8) report increased resistance to perfusion with diminished out- 
flow from the lungs According to Franklin (2) Mautner and Pick report 
that histamine contracts the pulmonary artery However, Ruhl (9) states 
that m tho heart lung preparation the Increased pulmonary pressure results 
from a marked increase m coronary flow Dixon and Ho> le (4) report that 
any nse is \ery transient and that tho secondary prolonged fall is the im- 
portant change in the pulmonary pressure in dogs. They concludo that this 
fall is evidently tho result of a limited venous return due to constriction of 
tlie hepatic veins Tet the systemic peripheral vasodilation from histamine 
would be expected to increase the blood flow through tho peripheral vessels. 
This could well equal or exceed the amount of the decreased flow through 
tho lncr 

Since deep anesthesia nrnj even abolish the rise in pulmonary pressure 
in cats (MoDowall (10)) it appeared worth while to stud} tho effects of his- 
tamine upon tho blood pressures of unancsthctlxed as well as ancsthctixcd 
dogs. Tho studies were extended to include anesthetized cats and rabbits. 
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METHODS 

Using the hypodermic’ manometer (11, 12) simultaneous pressure pulses were opli- 
c&lly recorded from several blood vessels In some cases these included the aorta, the 
superior vena cava, the pulmonary artery and the pulmonary vein The manometora 
wete connected to these vessels with either cannulao or hypodermic needles Rapid 
injections of histamine into different ones of these vessels allowed pressure changes to 
be recorded while the drug actions were more or less localized at various sites 

Experiments upon U nanesthehtcd Dogs Several weeks or even months before record- 
ing the blood pressure of these animals, angiostomy cannulae (13) were inserted Tho 
preparation and application of these cannulao differ from tho description previous).) 
given by the authors (14) They are now being made from coin silver tubing (diameter 
in inches f outside, -fy inside, and A outside, -ft inside) and silver strips (j inch width 
and df inch thick) The basal portion consists of one piece of the larger size tubing 
The basal flango is made by sawing along ono end and then bending the prongs outwards 
(see fig 1) On the other end a clamp is constructed This clamp serves to fasten 



Fia 1 The Anoiostout Cannulae and Theie Position in Respect to the Chest 
Wall and Blood Vessels rsou the Heabt 
A, pulmonary arterial cannula, Y, pulmonary' venous cannula 


together the two parts of the cannula The second portion of the cannula is prepared 
from tho smaller size tubing On one end a circular flange (mado from a piece of the 
silver Btnp) is attached with silver solder This provides the flango which is placed 
just boneath the skin Along the middle section of this smaller-sized tubing, two 
surfaces are filed so as to make a beveled edge Turing tbe operation the clomp on the 
larger tube is closed onto these filed surfaces Then tho two pieces of tho cannula can 
wot be drawn opart The telescope sliding joint is fitted loosely so that each heart beat 
will produce sliding of the cannula With the re-expansion of tbe lungs the cannulao 
will shorten themselves Trauma and stress at tho attachments of the cannulae to the 
blood vessels are decreased 

Using ethor anesthesia these cannulae are applied to the pulmonary artery and vein 
and to the transverse arch of the aorta during a one stago operation Animals subjected 
to this typo of operation (14) generally recover In several animals cannulae have 
remained in place upon tho pulmonary vessels for over a year 

Other modifications of the London cannula appear in the literature In place of he 
flange which is fastened to the vessel, the portal vein ib encircled by a metal ban 
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(Hteigerwald t, Reuer and Kurten (16)) and the pulmonary artery i» encircled by a roetal 
claap (Kata and SteinlU (10)) The latter authors used cxnnulae that are adjustable in 
length, though the slide Joint operates freely and the two portions can be pulled apart. 
In our bands the encirclement of the pulmonary artery with a metal hook or band prosed 
unsatisfactory With this type of cannula two of the three operated animals recovered 
from the operation but these then died from the effects of hemorrhages on the 8th and 
9th day Autopsy In both animals showed that the cannula had eroded through the 
pulmonary artery The period of survival of 9 and 11 days obtained by Kats and 
Stelnlti (16) was about the same 

From 8 to 10 mgm per kgm of morphine sulfate waa Injected subcutaneously Into 
the animals one hour before each experimental study of the blood pressure. The an! 
mala would then stay quietly on the table during the experimental procedures The 
needles of the 'hypodermic manometers were Inserted through the angl ostomy can- 
nulse and Into the pulmonary artery pulmonary vein and aorta. In a few cases the 
jugular rein and femoral artery were exposed and needled under local anesthesia Be- 
fore the histamine was injected strips of the record were developed and examined to 
make certain that the needles had satisfactorily entered their respective vessels 

Experiment* upon antriktliitd animal* Morphine sulfate and ether or pentobar 
bltal -sodium alone were used for anesthesia Precautions were taken to minimise 
blood loss and trauma and to make the injections while the animals were in a light 
stage of anesthesia Cannulae wore inserted into the pulmonary artery and vein in 
mueh the same manner as described by Johnson Hamilton, Katx and Weinstein (17) 
and the pressure pulses were recorded with hypodermlo manometers. 

RESULTS 

Rabbits Injections of histamine phosphate increased the pulmonary 
pressure irrespective of whether it raised or lowered the systemic pressure 
Rapid injection of the drug Into the jugular vein caused a rise in the pul- 
monary arterial pressure before any change occurred in the systemic pressure 
(fig 2 A) This means that histamine produces pulmonary vasoconstriction 
in rabbits anesthetired with morphine sulfate and ether 

Cats Tho rejection of histamine phosphate (0 01 to 0 6 mgm.) produced 
an elevation of the pulmonary arterial pressure in eight cats anesthetized 
with pentobarbital-sodium Four of these animals were in fair condition 
while the pressure pulses were recorded The contours of these records were 
similar to those obtained from dogs and gavo values which avoragod 33/18 
mm Hg When htstomino was injected into tho superior vena cm a the nso 
in the pulmonary pressure preceded tho fall in the systemic pressure in two 
animals (fig 2 C) and accompanied it in tho other two (fig 2 B) An in 
creased blood flow may well contribute to the n*c in the pulmonary pressure. 
However in the cat v asoconstnction of pulmonary vessels by hlstommo 
definitely does occur In some cats it Is quite pronounced Even with small 
dot*es (0A mgm total) the pulmonary pressure gradient (pulmonan arterial 
pressure minus pulmonan venous pressure) during diastole becomes as high 
as 20 mm Ilg in contrast to 12 mm Hg poor to tho injection (fig 2 C) 
In this cat a larger dose of histamine actually raised the pulmonary systolic 
and diastolic pressures to values well above those simultaneously present m 
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the systemic t essels (fig 2 D) This was not the result of left heart failure 
because as shown m the figure the pulmonary venous pressure increased at 
first only 6 mm Hg and returned to its previous v alue in less than 15 seconds 
When histamine (0 3 mgm ) w as injected into the aorta of one cat with 
verj low (shock-le\ el) blood pressures the reduction in the systemic pressure 
rvas on]} 8 or 10 mm Hg Blood flow may have decreased, certainh any 



L 

Fio 2 Simultaneous Femoral, Pulmonary Arterial and Pulmonary Venous 
Pressure Pulses (prom Above Downward in Each Record) 

In all records the blood pressure scale indicates mm Hg and the base line is infer 
rupted at intervals of 10 seconds A, rabbit anesthetized with morphino sulfate and 
ether At Bignal 0 2 mgm of histamine phosphate was injected into the jugular vein 
B and C, cats anesthetized with pentobarbital-sodium At signnls 0 5 mgm of higta 
mine phosphate was injected into the supenor vena cava D, same cat as C At signal 
2 mgm of histamine phosphate was injected into the superior venn cava 

increase was insignificant However, a rise in the pulmonnrv pressure oc- 
curred It started twentv to thirty seconds after the fall in systemic pressure 
and preceded by three or four seconds the increased heart action which 
indicated the arrival of the drug at the coronaries (18) 

Without doubt in anesthetized cats pulmonarv vasoconstriction is an im- 
portant factor in the rise of pulmonary arterial blood pressure from histamine 
In contrast to the results of Di\on and Hovle (4), small as well a> large doses 
produced e\ idence of pulmonarv constriction m some of our cats 
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Dogt Intravascular injections of histamine phosphate (0 4 to 2 mgm /dog) 
were made into two URanrs&eftrcrf dogs. Ten injections produced a rise in 
the pulmonarj pressure without am secondary prolonged fall such ns that 
observed in anesthetized dogs bj Dixon and Hovlc (4) 

Six rapid injections of the drug mto the jugular or femoral vei ns of these 
dogs produced changes as shown In figuro 3 A. The rise in tho pulmonarj 
pressure did not precede but followed the fall In the systemic pressure The 
pulmonarj artonnl pressure was not elevated during the first passage of the 
drug m relatively high concentrations through the lungs. Vasoconstriction 
in the pulmonary vessels, if it occurs is certalnlj ineffective and does not 
produce any nso m the pulmonarj pressure 

Four rapid injections mto tho arch of the aorta produced pressure pulse 
changes as illustrated in figure 3 B Immediatelj after the injection the 
sj’Btemic pressure decreased and the heart rate increased Tho simultaneous 
small fall in the pulmonary venous pressure indicates an increased left heart 
output associated with the more rapid heart rate and sj'stcmic v asodilation 
The nso in pulmonary pressure starts at least three seconds later and soon 
reaches its peak. This me apparentlj results from an increased blood flow 
produced bj peripheral aj-stemic v asodilation and increased heart rate 

The pulmonarj' pressure then returned to normal defirutelj before the 
heart rate and the systemic pressure (sec fig 3 B) This \ ery likelj resulted 
from capillary pooling of blood (16) and possiblj in part from constriction 
of the hepatic vein Howcv cr onj such limitation of tho circulation of blood 
failed to reduce the pulmonary pressure below normaL In the absence of 
anesthesia and operative shock these animals possessed a definite resene 
circulatory capacity and were able to make \ oscular adjustments. 

In one of these dogs an injection of histamine was administered twentj 
minutes after the intravenous injection of 30 units of ‘Pitreann Among 
other things the Pitressin had caused constriction of the coronaries and 
the sj'stcmic veseeis and was raarkedij reducing the blood flow (20) Under 
these conditions the capacitj to increase the blood flow after an injection 
of histamino would bo expected to be diminished or abolished Ev en though 
the mechanism for pulmonarj constriction should ha\ e been intact, histamine 
produced onlj a very small transient mo followed bj a prolonged reduction 
in the pulmonarj arterial pressure (fig 3 C) This indicates that tho principal 
effects of histamine upon the pulmonary pressure result from changes in the 
blood flow The accelerated heart increased the left heart output and quicklj 
lowered the pulmonary \ cnoua pressure Right and left heart output were 
then reduced The pulmonary arterial pressure pulses became mere npples 
and the pulmonary pressures were reduced The large dose of Pitressin * 
had injured the circulatorj flvstcm Histamino was producing pooling of 
the blood m the capillaries (10) and the dog was evidently unable to make 
adequate vascular readjustments 

In the four anctiheiized dogs in nhieh the pulmonarj vessels had been 
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exposed and cannulated the pre-injection heart rates were more than double 
the normal values The responses to histamine varied, though following all 
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Fig 3 Pressure Pulses from the Same Unanesthetiied Doo (Weight 14 
Kiloorams) on Different Dats 

The break in each record at the extreme right indicates the lapse of 20 seconds 
/l, simultaneous femoral and pulmonarj artenal pressure pulses At the signal 2 mgm 
of histamine phosphate was injected into the femoral vein of the dog B simultaneous 
aortic, superior vena cava, pulmonarj arterial and pulmonarj venous pressure pulses 
(from above downwards) At tho signal 0 o mgm of histamine phosphate was injected 
into the aorta in the region of the arch C, simultaneous femoral pulmonarj artenal 
and pulmonarj' venous pressure pulses At the left appear the normal pressure pulses 
During the first break in the record 30 units of “Pitrcssin” were injected intravcnouslv 
and tuentj minutes of the effects and rccoverj are deleted from this figure At signal, 
0 3 mgm of histamine phosphate was injected into the femoral van Compare with 
fig 3 A nnd 3 B which were taken from the same dog 


injections the increases in heart rate nnd pulmonarj pressure were small In 
two of these four dogs the transient small rise in pulmonarj artenal pressure 
was followed b\ a prolonged fall, as was reported b\ Di\on and Hovle (4) 
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L\ery injection of histamine (0 4 to 5 mgm.) caused this type of response In 
one dog after three horns of pentobarbital -sodium anesthesia (25 mgm. 
per kilogram) In the other a nim al the response changed from a small me 
to the type with the prolonged fall after injecting an additional 5 mgm per 
kilogram of the barbiturate and waiting an hour (a total of 5 hours 
of anesthesia) 

Yerj likely the explanation of the prolonged fall in the pulmonary pressure 
lies in the fact that prolonged operative trauma and the barbiturates (21) 
diminish the thoracic blood volume and blood flow Under these conditions 
histamine may fail to increase blood flow The capillar} pooling of blood 
by histamine (19) may reduce blood flow to such an extent that the pulmonary 
pressure values are below normal Conditions which cause circulatory de- 
terioration accentuate the secondary effect of histamine upon the pulmonary 
pressure 

In doga histamine affects the pulmonary blood pressure mainly through its 
influence on blood flow Pulmonary constriction possibly does oocur How 
ever, it alone does not increase the pulmonary pressure as is the case m the 
anesthetized cat and rabbit. 

BUMMART AND CONCLUSIONS 

Improved angiostomy cannulne have been attached to the aorta, pul 
monary artery and pulmonary vein of dogs. The animals usually recovered 
and were still in good condition after six months Pressure pulses from 
these vessels were recorded while the dogs were unanesthetued 

In dogs histamine phosphate intravenously raises the pulmonary arterial 
pressure. No evidence of effective pulmonary constriction was observed 
even during the first passage of tho drug in high concentration through the 
lungs 

Upon circulatory deterioration from any of several causes dogs ceased 
to respond to histamine by the sustained rise in pulmonary pressure. Instead 
the response was an initial transient nse followed by a prolonged fall. The 
capacity to increase blood flow determines the type of histamine response 
in dogs 

In anesthetized cats and rabbits histamine produces effective vaaoconstric 
tion of the pulmonary vessels which increases the pulmonary arterial pressure 

The pulmonary arterial pressure of four anesthetized cats averaged 33/18 
mm Hg 

Aid from The American Medical Association in carrying ont this invest lga 
tion is gratefully acknowledged 
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On October 6 1039, the American Pharmacological Society lost its oldest 
member when following a prolonged illness, Hans H Meyer Professor 
Emeritus of Pharmacology at the University of Vi enna died in Vienna m 
hU 87th year In hfa death the world lost one of the founders of modem 
pharmacology an eminent biologist, and a philosopher free from petty hu man 
fallings. 

Bom on March 17 1853 m the East Prussian city of Insterburg he was 
the eon of a prominent counselor of justice Dr Heinrich Meyer As a 
member of a well-to-do German family his earl} education was thorough and 
liberal Later at the gymnasium m KAmgaberg he received a more intensive 
training in the natural sciences with especial emphasis on chemistry and 
botany His medical studies, to which his innate talent and love for science 
led him were begun at the Univerat} of Leipng where Carl Ludwig the 
famous physiologist and experimenter, made a profound impression on him. 
Then followed the study of clinical subjects at the University of Berlin where 
Traube and Frenchs were working Finally in 1877 he completed his doc- 
torate thesis on the urea metabolism of chickens in KOmgsberg under Jaffe 
whose professorial chair combined physiological chemistry and pharmacology 
Jaffe offered Meyer a position as assistant but suggested that he go first to 
0 BchmSodebcrg at Strasaburg to complete his training in pharmacological 
technique Schmiedeberg quickly recognised Meyer's talent and soon made 
him his assistant and co-worker 

The years spent in Straasburg had a tremendous influence on Mejer's 
future career The work of this period has proved to be of lasting value 
including as it does the discover} of the camphor-glucuronic acid coupling, 
studies on the significance of alkalosis in respiration investigations of the 
action of phosphorous and iron and research on the Jabomndi alkaloids. It 
was during this period that Williams, with Me\cr s guidance and substantial 
help derviaed his technique for the study of the isolated frog heart. Im 
po riant as these years were for the de\ elopment of Meyer's scientific genius, 
the> were equall} valuable for tho }cung student because the} offered oppor 
Uuu ties for association with the men who came to Schmiedeberg s Institute 
from all parts of tbe world to stud} the then a cry young science of experi- 
mental pharma colog} In these } cars Meyer began his lifelong friendships 
with the pharmacologists W von Schrbdcr E. Hamack V Ccrvcllo A R. 
Cuslmj and F Williams 
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This fruitful period of work was interrupted in 2881 when Mejer, who had 
obtained the veuui legendi at Strassburg Umversitj a short time before, was 
called at the age of 28 to succeed Boehm to the chair of Pharmncologj at 
Dorpat, the onlj German University m the Russian Empire As he has 
said, the following years, during which he mnmed his beloved wife Dons 
nie Boehm, were the happiest of his life The social as well as scientific 
life of this small imnersity town w as v cry active and such men as Alexander 
Schmidt, G von Bunge, Draggendorf, A von Oettingen, and others who were 
then on the facultj, remained Meyer’s steadfast friends throughout his 
lifetime A senes of dissertations produced dunng this penod included 
research on bismuth and aluminum poisoning, arsenic poisoning and acidosis 
In 1884 Meyer was once again called to succeed Boehm, this time on the 
faculty of Marburg During the twenty year span in which he occupied 
the chair of pharmacology at this university he had the opportunity to conduct 
investigations into numerous problems of expenmental therapeutics and 
pharmacology In this work he had the collaboration of native and foreign 
students among whom were Sobieranski, Eugen Rost, Otto Loewi, Walter 
Fletcher, C A Herter, F Ransom, V E Henderson, J T Halsey, W 
Hausmann, Fr Baum, and F Peters Out of the abundance of scientific 
work mention should be made of investigations of the influence of diuretics 
on the renal circulation, the rfile of tubular reabsorption, and the discoverj 
of the fundamental importance of lipoid solubilitv for narcotic action It 
was dunng the Marburg penod that Meyer studied diphthena and tetanus 
toxins and made the important discovery that tetanus toxin spreads along 
the motor nerves to the spinal cord Other noteworthy investigations 
include those on the process of oxidation-reduction under the influence of 
methjlene blue, on the effect of the corydahs alkaloids on the central nervous 
system and on the action of saponin on cholesterol of erythrocj tes 

In 1904 the Medical Faculty of the Unnersitj of Vienna decided to create 
a Department of Expenmental Pharmacologj and asked Mover to occupv 
the chair The new department soon attracted students from all parts of 
the world In addition to many Austrian and German co-workers, among 
whom were 0 Loewi, A Froehhch, Wiechowski, H Molitor, C Amsler, Ftih 
ner, Mansfeld, K Con and Knaffl-Lenz, there were numerous foreign research 
workers whose names were later to become famous, such as X Bruce, G H 
Whipple, G Barbour, P J Hanzlik, C Hev mans, G Baehr, Amin, Islnzaka 
and others 

Of the numerous studies relating to all branches of expenmental pliarma- 
colog} onlj a few will be mentioned here in order to indicate the wide field 
of work which Mejer managed to encompass He was the first to recognize 
the significance of Langley’s theorj of the functions of the vegetative nervous 
system to the explanation of the mode of action of pharmacological agents 
and he performed the first comparative expenments on the pharmacological 
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effects of adrenalin derh atlves Among other contributions made by Meyer 
and his students during this time were the discovery of the antiphlogistic 
effect of local anesthetics experimental proof of the antiphlogistic action of 
calcium salts (due to their reduction of capillary permeability) demonstration 
of the central control of body temperature by means of local application of 
beat and cold to the corpus atria turn investigation on the transmission of 
pain from the blood vessels through the sympathetic nervous system potentia 
lion of the effect of adrenalin by cocaine, studies on the tome Innervation of 
striated muscle relaxation of bronchial spasm by adrenalin and investigation 
of tho rAle of the liver as a reservoir for the regulation of the blood volume. 

In addition to his experimental work, which earned the imprint of genius 
Meyer made a great contnbutlon to pharmacology when in 1910 m collabora 
tion with his fnend R Gottlieb of Heidelberg he first published the textbook 
entitled 'Experimental Pharmacology as the Basis of Medical Treatment.’ 
Tins textbook, which has appeared in nine subsequent editions was the first 
book to relate pharmacology as a biological science to the problems of rational 
therapy thereby establishing the importance of pharmacology m clinical 
teaching and medical practice Meyer believed that therapeutics should be 
based only on a sound experimental foundation. In the maintenance of this 
attitude, which foresaw the subsequent fruitful development of experimental 
pharmacology’ through a dose alliance between experimental and clinical 
medicine Moyer had a brilliant prototype in his old clinical teacher and 
fnend Bernhard Naunyn It was with this relationship in mind that in 
1872 Naunyn with tho pathologist Klebs and the pharmacologist Schmiede- 
berg founded tbc ‘ Archiv fftr expenmenteUe Pathologie und Pharmakologie 
which has served as a model for similar journals in other languages. 

The importance which Meyer placed on the cooperation between pharma 
cologist and clinician is shown by the fact that shortly' after the World War 
he and the cardiologist R Kaufmann established the 'Herxstation in Vienna 
where the results of experimental vrork could be applied at the sick bed to 
establish a rational therapy Another achievement equally characteristic 
of Meyer’s practical mind was tho creation of a government drug control 
bureau the purpose of which was not only to prevent the distribution of 
unsuitable drugs but also to encourage the production of rational therapeutic 
agents Tho legislation establishing this institution which Meyer directed 
until the last years of his life has served as a model for similar organlxations 
in many other countries 

Meyer’s influence on his students was not confined to the professional side 
of their lives. It was alwnys a great delight to come into contact with a 
man of such vast culture and truly profound wisdom A welcome oppor 
tunity for such contact was offered by the regular journal club meetings 
which were held in Meyer’s hospitable home His excellent liberal and 
scientific education as well as ha remarkable knowledge of the w^rkl s fitora 
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ture made him an ever-stimulating speaker and gave him an inspiring and 
original philosophy of life 

Meyer was a paternal, solicitous and ever-willing fnend Not only his 
own students, but also many others whose abilities he recognized owed to 
him great advancement and m many cases the very foundation of their 
academic careers At the same time he w as a keen observer of human nature, 
endowed wath a delightful sense of humor untouched by any trace of sarcasm, 
and with a rare appreciation of the good things of life He had a legion of 
loyal admirers in all parts of the w orld with scarcely a personal enemy any- 
where The city of Vienna, which became his real home, bestowed honorary- 
citizenship upon him, numerous native and foreign universities, academies 
and learned societies honored his scientific eminence Those who had the 
good fortune of being close to him know how much kindness and love radiated 
from him and how his greatness was pro\ed by his endurance of the pain 
and sorrow from which he was not spared He wall live forever as one of the 
great and noble men to whom science in general and pharmacology in par- 
ticular is deeply indebted and to whom we and our successors shall always 
look up with admiration, gratitude and affection 

E P Pick 



COOLING DRUGS AND COOLING CENTRES 
P E. ROSENTHAL 

From Ike Dtpartmrrd of Experimental Uedtetnt UnittrtUy College Lnertler 
Iteceired for publication October 2 1940 

Tins paper deals with tho mode of action of certain drugs t\ hich lower body 
temperature in normal animals Hamrick and his associates (11) first in 
v estimated the temperature lowering (‘ cooling' ) action of picrotoxln aconi- 
tine veratnne and santonin bj injection mto normal rabbits Thoj 
suggested the possible existence of a temperature lowering ( cooling’ ) centre 
( ‘Kuchlrentrum ) which might act bj inhibiting peripheral metabolic 
processes. Moyer (19) supported this view and proponed further that the 
Kuehlxentrum’ might act through the parasympathetic system He 
strewed that this group of “cooling’ drugs as they may be called p rod u cod 
other signs of parasympathetic stimulation. Rosenthal and Licht (29a) 
found that these drugs do not lower body temperature In animals in which 
the cervical cord had been transsected. According to Licht (17) the cooling 
action of the drugs is accompanied by a decrease in oxjgen consumption 
the depressing action on both body temperature and metabolic rate was 
said to disappear after cervical cord section According to Rosenthal 
Wollach and Fnedlttnder (21a, b) the cooling action is diminished or annulled 
by hypnotics Experiments of Hashimoto (13) suggest that the mode of 
action of the antipyretic drugs differs from that of the cooling drugs It is 
relevant also to mention Cush mg s (7) experiments showing that injection of 
pituitnn or pilocarpine Into the cerebral ventricles produces signs of para 
sympathetic stimulation together with a fall of bod} temperature 
The experiments to be described deal espccmll} with the relation of the 
cooling drugs plcro toxin and aconitine to the vegetative centres in the h> 
po thalamus 


METHODS 

In thirty two rabbit* plcro toxin and aconitine were injected into the Infundibular 
region the*iteof tho lieat regulating centre* Tlieskin of the bead and the periosteum 
wore anaesthetised with 1 ec of 0 6 per cent procaine hydrochloride solution A bi 
lateral trephine opening was made in the skull at the Junction of the coronal and aSgittal 
suture 1.5 mm behind the coronal auturc and 1 5 mm lateral to tl e sagittal tature 
A cannula of 0 4 mm diameter connected with a graduated insulin s> ringe waa vertically 
inserted through theao hole* to a depth of 15 to 1C ram (hym (10)) The amount of 
fluid Injected on each aide was 0 05 ec and aftor the injection* the skin wound was 
303 
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dosed by stitches Acomtano in crystalline form was dissolved in normal saline with 
some granules of tartanc or acetic acid and then diluted as required The body torn- 
perature was taken rectally 


RESULTS 

Picrotoxin Bilateral para-infundibular injection of 0 01 mgm of picro- 
toxm gives nse to severe convulsions, usually followed by death 1 0 /i g 



ir 
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TIME IN HOURS 

Fio 1 » Bilateral injection of 1 jig picrotoxin in 0 05 cc of distillod water into 

the infundibular region 

— > Bilateral injection of 0 05 cc of dist water into tho infundibular region 
Control experiment 

Decrease of temperature 4 1° C after infundibular injection of picrotoxin 

Increase of temperature 1 7°C after infundibular injection of dist water 

Effect of heat-puncture 


(nfotr the effective subcutaneous dose) rarely produces convulsions but regu- 
larly lowers body temperature by about 2 to 4°C for 3 to 5 hours, accom- 
panied by bradycardia Figure 1 gives an example of the temperature curve 
after bilateral infundibular injection of picrotoxin Injection of equal vol- 
umes of distilled water into the infundibular region, or the intracerebral in- 
jection of 1 0 p g of picrotoxin into the frontal or occipital cortex is without 
temperature-lowenng effect 
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AcoTuhne Still more striking cooling effects arc obtained with, this drug. 
Para-inf undlbular injection of as little as 0 03 m g. (hVt °f the minimal 
effective subcutaneous dose) may lower bod} -temperature b> 6.3 to 5 6 C 
this effect may last for many hours and is accompanied as figure 2 demon 
strates, b) hyperglycemia, the blood sugar rising from 95 to 230 mgm. 
per cent. 



TIME IN HOURS 

Fid 2 — Bilateral injection of 0 03 p* aconitine Into the Infundibular region 

Decreaae of temperature 6 fl*C 

Incrcaao of blood Rigsr from 05 to 330 mpn percent. 

Doses of aconltmo of 0 016 to 0 03 m E often, and 0 05 to 0 07 p g, regularl) 
give nsc to cardiac changes. Electrocardiograms wore taken by means of 
needle leads from (1) the right an tenor limb to the lower part of the left side 
of the chest near the apex beat (£) from the spine to the sternum at heart 
lot el In experiments on 20 rabbits, panunfundtbular injection of 0 015 
to 0 03 u g of aconitine produced bradjcardia on thirteen occasions, and 
transient intensions of the T wate on nine Other changes noted after 
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larger doses of aconitine w ere nodal rhythm, extrasystoles of supra-x entncular 
and ventncular tyiie, smo-auncular heart block, and para-arrhythmia, pro- 
duced by the activity of two foci of about equal frequency The heart 
changes set m within 30 to 60 minutes of the injection, and passed off after 
two hours In some experiments, though the body temperature fell markedly, 
no cardiac changes occurred, so that the cooling action of the drugs is not 
simply the result of the changes m cardiac action 
The cardiac changes Here not produced by injection of 0 06 to 0 07 a g 
of aconitine after bilateral y agal section They can therefore be attributed 
to central stimulation of the cardiac yagus 
There is much collateral evidence that hypothalamic stimulation by elec- 
trical means or drugs or in\ oh ement in disease produces cardiac irregularities 
(1, 2, 3, 9, 15, 18) The disturbances of cardiac action produced by r para- 
infundibular injection of aconitine are almost certainly due to stimulation 
of hypothalamic centres This suggests that the cooling effects of the drug 
are also the result of central stimulation rather than of central paraly'sis 
Mode of action of picrotoxin The mode of action of picrotoxm can be 
lm estigated by considering the effect of hypnotic drugs on its cooling mech- 
anism There is evidence that the remarkable antidotal properties of picro- 
toxin m barbiturate poisoning are caused by a reciprocal pharmacological 
mechanism Picrotoxm produces an awakenmg effect m barbiturate sleep, 
and barbiturates in hypnotic doses can protect against several times the lethal 
dose of picrotoxm (14, 22) The same applies with regard to the body tem- 
perature Our experiments show that the cooling effect of picrotoxm is sup- 
pressed by luminal and that picrotoxm annuls simultaneously the fall of 
temperature produced by luminal Figures 3 and 4 illustrate the results of 
two representative experiments In the experiment shown m figure 3, 0 05 g 
of luminal per kilogram body weight injected subcutaneously lower the tem- 
perature by' nearly 5°C in 5 hours 1 2 mgm of picrotoxm per kilogram sub- 
cutaneously' produced a maximum fall of temperature of 2 2°C after 2 hours 
Combined injection of luminal and picrotoxm subcutaneously produced a 
maximal fall of temperature of only 0 9°C at the end of an hour, the decrease 
of temperature is 1 3°C less than after picrotoxm injected alone 


In the experiment shown m figure 4 the normal body' temperature remains 
unchanged after the combined treatment with picrotoxm and luminal, al- 
though either luminal or picrotoxm alone lowers the body temperature 
It may' be suggested that picrotoxm, actmg through undertermmed chan- 


nels, re-awakens the paralysed temperature centres to activity m the same 
way as it can re-awaken the activity of the cerebral cortex This would, of 
course, represent a different type of action m the narcotised animal from that 
produced by picrotoxm in the normal rabbit There are some analogies for 
a reversed action of substances under changed experimental conditions The 
reyersal of the adrenaline effect after ergotoxm, the sympathetic action of 
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acetyl-cholme m animals treated with sympathetic drugs (10) the stimulating 
action on tho temperature centres and the awakening effect of atropine in 
hibernating animals (5) maj be racntionod horo 
Paraldehjdc acts similarly against the cooling effect of picro toxin and 
picrotoxin nee versa aga i nst the hypothermia produced by paraldehyde (fig. 
5) Although either paraldehyde or picrotoxin m this experiment produces 



r f* 1* 9* r* 

tdce in Eouas 

Fio 3 Txupmatttrb Cuhtx* or thb 8a v* Rabbit (Taxbw ht Iktektalh or 
5 Dat») 

0 05 f luminal per ldlogram anbe (L) 

— Ompn picrotoxin per kilogram tube. (P) 

• • 0 03 %. luminal +12 mam. picrotoxin aub-o. (L + P) 

Deere**© of temperature after luminal (A) 4-8*0 

Decrease of temperature after picrotoxin (P) 2J*C 

Dec re axe of temperature after luminal + picrotoxin (L + P) 0 0*0 


a distinct lowering of body temperature normal temperature is maintained 
under the combined treatment with both substances 
From these results it can bo concluded (J) neither the picrotoxin-lurainal 
nor the picrotoxin-paraldehyde antagonism Is due to a direct chemical neu 
tralisation but to a mutual pharmacological antagonistic nction (t) As 
tho cooling effect of picrotoxin can bo suppressed by hypnotic drugs it cannot 
bo duo to paralysis of the temperature centres but must be due to stimulation 
of a centre (cooling centre) situated in the hypothalamus 




fiS f* l* ft 

TIME IN HOURS 

Fia 4 Temperature Curves op the Same Rabbit (Taken in Intervals op 

6 Dats) 

0 05 g luminal per kilogram subc (L) 

13 mgm picrotoxin per kilogram subc (P) 

— 0 05 g lummal + 13 mgm picrotoxin subc (L + P) 

Decrease of temperature after luminal (L) 3 4°C 
Decrease of temperature after picrotoxin IP) 1 0°C 
Decrease of temperature after luminal + picrotoxin (L + P) 0 

jr 



4S* 


p 4* l'*’ i'* 

TIME IN HOURS 

Fig 5 Temperature Curves op the Same Rabbit (Taken in Intervals of 

5 Date) 

1 2 cc paraldehyde per kilogram, diluted with 30 cc of water, orally (Pa) 

12 mgm picrotoxin per kilogram subc (P) 

1 2 cc paraldehj de orally +12 mgm picrotoxin subc (Po + P) 

Decrease in temperature after paraldehj de (Pa) 3 1°C 
Decrease m temperature after picrotoxin (P) 1 2°C 

Decrease in temperature after paraldehyde + picrotoxin (Pa + P) 0 4 0 
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The follhwmg experiments demonstrate that the cooling effect of picro toxin 
Is not suppressed In other lands of experimental temperature fall 
Relation of jncrotonn lo temperature fall in sleep produced by calcium In 
jection of calcium chlonde (0 1 to 0.25 mgm ) mto the region In the tuber 
cinereum in rabbits produces a condition resembling natural sleep which 



Fio 6 TenirraATURB Ccsrxa or tub 8a ub Rabbit (Take* it Iktxhtal* or 
5 Datb) 

1 mgm CaCIt infundibular!/ injected on both «ldra (CaC/j) 


1.2 mgm pi cro toxin per kilogram tube (P) 

— — — — 1 mgm CaCI infundibular)/ injected + 12 mgm. pi cro toxin tube, 
(CaCt, + P ) 

Decrea*e of temperature after CaCI 3 8 C 

Deere*** of temperature after plcrotoxln (P) 2 1*C 

Deere*** of temperature after CaCIt + picrotoxin ( CaCIt + P) 5 8*C 


lasts for } to 2 hours (6 8) there is al*o a fall of bod} temperature (12) 
Bilateral injection of 1 mgm of CaClj prc\cnts all forma of experimental 
finer (10) These effects are specific and cannot be produced b\ rquimolccu 
lar solutions of other ions 

Kvras technique was followed and 1 mgm of CaCIi dissohed in 0 05 cc 
of distilled water was injected into the infundibular region on both sides in 
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rabbits Figure 6 illustrates an experiment in which this procedure produced 
a maximum fall of temperature of 3 8°C after 2 hours 1 2 mgm of picro- 
toxm per kilogram injected simultaneously lowered the temperature b> 
2 T C after 2 hours The combined injection gave a greater fall of tem- 
perature, 6 O^C after 2 hours This suggests that the temperature fall in 
the calcium sleep is produced by a paralysis of the temperature-raising (heat- 
ing) centres, but the temperature lowering (cooling) centres stimulated by 
picrotoxm are intact Calcium sleep is antagonised by picrotoxin and the 



r 4* ^ 

TIME IN HOURS 

Fio 7 Temperature Curves of the Same Rabbit (Tacts in Intervals of 

B Days) 

0 035 mgm aconitine per kilogram subc (A) 

0 5 mgm picrotoxm per kilogram subc (r) 

0 5 mgm picrotoxm + 0 035 aconitine subc (P + A) 

Decrease of temperature after aconitine (A) 1 1°C 
Decrease of temperature after picrotoxm (P) 0 7”C 
Decrease of temperature after picrotoxm 4- aconitine (P + A) 4 0°C 

animal wakes after $ to 1 hour without any significant deviation in the tem- 
perature curve 

Joint action of picrotoxm and aconitine on body temperature The cooling 
action of aconitine and picrotoxm simultaneously injected subcutaneously is 
far greater than the algebraic sum of the action of each This is well seen in 
figure 7 0 035 mgm of aconitine per kilogram produced a decrease of tem- 
perature of 1 1°C 0 5 mgni picrotoxm per kilogram lowered the temperature 

bv 0 7°C The combined injection of both drugs gave a fall of temperature 
of 4 0°C after hours If 0 07 mgm of picrotoxm is combined with 0 04 
to 0 06 mgm of aconitine per kilogram, there is marked bradycardia, inhibi 
tion of respiration, and finally death This potentiated effect combined 
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with signs of marked parasympathetic stimulation suggests that aconitine 
stimulates the same (cooling) centres as picrotonn 

DiacussipN 

The evidence presented above suggests that picrotoxm and aconitine 
stimulate a cooling centre m the diencephalon which is closely related to the 
centres controlling the parasympathetic system Collateral evidence is 
offered by other experimental observations that there are temperature raising 
(heating) and temperature lowering (cool mg) centres withm the general 
central temperature regulating mechanism Bruman (6) found that either 
a rise or fall of temperature can be produced m rabbits and cats by electric 
stimulation of various parts of the hypothalamus. Ransom, Fisher and 
Ingram (20) found that lesions of the hypothalamus produced a fall of tern 
perature when the injury was placed behind the corpora mamillana and a 
nse of temperature when the lesion was laterally placed in the rostral part 
of the hypothalamus. 

The complex nature of the temperature fall produced by drugs is illustrated 
by the observations that picrotoxm annuls the fall of temperature by luminal 
or paraldehyde (and vice versa), but commonly has an additative action on 
the temperature fall during calcium narcosis and even a potentiating effect 
on the cooling mechanism of aconitine. 

BUMMART 

1 Injection of picrotoxm (1 m g ) and aconitine (0 01 to 0 07 g g ) into the 
infundibular region produce m rabbits a deep fall of temperature accompanied 
by cardiac symptoms due to a central vagal stimulation 

2 The cooling effect of picrotoxm is suppressed by luminal and paraldo- 
hyde but picrotoxm annuls simultaneously the fall of temperature produced 
by these drugs. In other kinds of experimental temperature fall (calcium 
sleep aconitine) picrotoxm shows an addltatrre or even potentiated cooling 
effect. 

3 The evidence so far collected in the experiments speaks in fa\ our of the 
existence of temperature lowering (cooling) centres and supports the view of 
the dual structure of tho temperature regulating centres 

I wish to thank Mr F L Attenborough M.A. Principal of the University 
College Leicester for the hospitality afforded me at the laboratories of the 
College I am indebted to Miss A Hosker BBc Ph D for the help given 
in carrying out the experiments and Prof 8 Wright for his revision of tho 
manuscript. 
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From tht Raddifft Infirmary Oxford 
Received for publication October 18, 1040 

Ordinary Perabrodil or Pyelodil is a 35 per cent solution of tbc diethanol- 
amine salt of S 5 diiodo-4 pyndone-N-acetic acid but in order to obtain 
more concentrated solutions of organic iodine for special purposes mixtures 
of Perabrodil with the diethylamine salt of the same acid have been used. 
Since the iodine-substituted pyndone m these two salts is the same it might 
be anticipated on chemical grounds that thej would differ but little in their 
rate of excretion by tho kidnojs but it was felt that this should be confirmed 
by actual experiment Two normal subjects were therefore gnen 18 cc 
of Pyelodil and of a 35 per cent solution of the diethjlamine salt by ultra 
venous injection on successive days Blood samples were taken 16 45 and 
75 minutes after the injection and urine was collected bj catheter for three 
half-hour periods. \ raj films were taken at 3 6 15 30 45 60 and 90 
minutes after the rejection Iodine was estimated in plasma and urine by 
Kendall s method The results are given in the table. 

a) Iodine tn plasma, and xtnne In the first patient the plasma iodine and 
the total amount of iodine in the corresponding unne periods for the two 
preparations are very similar The second patient showed a lower level of 
plasma iodine with the diethanolamine salt than with the diethylamine salt 
and relatively more iodino was excreted in the first half-hour this difference 
was related to a diuresis produced by drinking tea half an hour before the 
Injection The most notable point in the clearance ratios is that although a 
high proportion of the iodine was excreted during the first half hour the 
iodine clearance was leas in that period this phenomenon was due to self 
depression of the iodine clearance at high plasma lev els 

b) Radiological appearances In the first subject It was not possible to 
differentiate the radiograms obtained bj the two preparations. A faint 
shadow was present as earlj as three minutes after the injection dye could 
still be seen m the renal pelv is after 90 minutes In the second patient the 
films with the diethanolamine salt were much tho weaker but this like the 
lower plasma level and higher clearance ma\ be attributed to diuresis in- 
duced b> dnnlung ten before tbc test It would seem important to practice 
fluid restriction before pvclographv bj organic iodine derivatives 
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TABLE 1 


PREPAOATIOlf UBED 

PERIOD 

J FLAflUA IODHTE 

tmiKE iodine 

IODINE 

CLEARANCE. 

Patient 1 



mffm P*r 100 ec. 

mffm per j how 

cc. per minuf« 

Diethylamine salt 

1 

22 8 

814 

120 


2 

6 8 

1323 

650 


3 

2 9 

477 

640 

Diethanolamine salt 

1 

23 6 




2 

6 4 

1089 

666 


3 

3 0 

407 

460 

Patient 2 

Diethylamine salt 

1 

14 3 

1605 

360 


2 

4 3 

678 

630 


3 

1 9 

333 

680 

Diethanolamine salt 

1 

11 4 

1018 

476 


2 

2 6 

617 

065 


i 3 

1 1 

203 

616 


* The iodine clearance is the number of cc of plasma which would be totally cleared 
of iodine in a minute, and is obtained from the formula U/P X 1, where U ib the total 
amount in mgm of iodine excreted in the urine in a given penod, P the iodine oontent in 
mgm of 1 cc of plasma, and t the number of minutes m the period (See Homer W 
Smith The Physiology of the Kidney, New York, 1937 ) 

Condumon The diethylamine and diethanolamine salts of SB dnodo-4- 
pyndone-N-acetic acid do not differ significantly as regards the plasma level, 
iodine clearance, and pyelographic appearance after a given dose 

We are indebted to Messrs Glaxo Laboratories, Ltd for supplies of Pyelodil 
and the diethylamine salt 
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In a recont publication Blicke, Zeintj and Monroe (1 2) described the 
preparation of some 00 secondary and tertiary amines and gave a tentative 
evaluation of their effectiveness as antispaamodica on the basts of the Magnus 
strip technique The hjdrochlonde of di(/9-cyclohexylethyl) methyl amine, 
(CiHuCHiCHj^CCHON HC1 was selected from this series as the most 
desirable compound for therapeutic application It has been put on the 
market under the trade name cyxenne hydrochloride and has been recom- 
mended for the treatment of various spastic conditions of tho gastro-in- 
teitinal tract No reports haw been published to date on the action of 
this drug on the motility of the gastro-intestinal tract of the intact animal 
and it was therefore thought desirable to put the following observations on 
record 

ACTION OP CTVDUNB ON THE UOTILITT OP THE INTESTINAL TRACT 

1 An aqueous solution containing 0 01 to 10 per cent of cyverine hy 
drochlondc was added to the magnesium free oxygenated Ringer Locke 
solution m which a 2 cm strip of isolated rabbit or cat jejunum was sus- 
pended according to the usual procedure of Magnus. It was found that 
concentrations of about 1 200 000 for the cat and approximately 1 500 000 
for the rabbit jejunum would cause complete paralysis Similar values wore 
obtained by Geiter (3) A further increase m the concentration of cyvenno 
to 1 2 000 stimulated tho cat intestine to renewed activity but this otoervu 
tlon could not be duplicated with the rabbit jejunum. The effect cannot be 
ascribed to changes in tho pH of the bath since this was determined with the 
glass electrode and found to var> b) not more than 0.3 

£ Cyvenne was applied topically to the jojunum of intact cats and was 
found to depress in concentrations of 1 100 000 and to stimulate when the 
concentration was raised to 1 10 000 These results are in agreement with 
those obtained on excised tissue 

S Cats and rabbits were onesthetued with chloralosane and dogs with 
pentobarbital sodium and the method of Babkin (4) as modified byDrejer 
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(5) was applied for studying the movements of the jejunum and colon The 
results of intravenous injection of 0 5 to 6 mgm per kilogram of eyvenne 
hydrochloride are summarized below It should be noted that the relation- 
ship between size of dose and effect produced was equivocal in most cases 
In a number of instances the animals w ere atropinized but this did not appear 
to modify the effect of eyvenne 



Fio 1 Comparison of the Action of Ctverine Hydrochloride on the Mottlitt of 
the Jejunum of Two Different Cats under Cbloralosane Anesthesia 
At each signal 4 mgm of eyvenne was injected mtravenousl> 

Cat For the most part cj venue caused a marked rise in “tone” and 
increase in the amplitude of the pendular movements of the jejunum In a 
number of cases the effect was quite the opposite and equal doses of eyvenne 
were found to produce paralysis with a fall in tone (see fig 1) The colon 
almost invariably showed a nse in the relaxation level and sometimes an 
increase m the amplitude of the penstaltic waves 
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Rabbii Marked increase in motility of both jejunum and colon was 
recorded in e\cr> case with usually a nse in tone ' 

Dog The effects of cy\enne on the jejunum and colon of the dog were 
qualitatively similar to those obsentd on the cat but were perhaps even less 
predictable 

4 Cyvenno hydrochloride was administered m doses of 2 to 5 ragtn per 
kilogram subcutaneously and 2 to 20 mgm per kilogram oralU to unancs- 
thetked dogs with Thiry \clla fiatulae Changes were obeened m the bolus 
propulsion time according to the method of Quigley but were too m coasts tent 
to allow aDy conclusions to be drawn Papa\crrae hydrochloride was ad 
ministered to test the adequacy of the procedure and was found to cause a 
marked and uniform slowing of propulsion 

OTHER EFPECTB OT CYVERINE 

It has been noted that the minimal intravenous dose of cy \ enne which 
w ill affect the motility of the intestinal tract of the cat is 0 5 mgm. per kilo- 
gram For comparison the mtnn enous dosages m milligrams per kilogram 
which produce other effects arc approximately death 15 to 20 ronvul 
sions 10 to 15 disturbances in interventricular conduction 6 fleeting fall 
in blood pressure of 10 to 20 ram of mercury 0 5 

SUUMART AND CONCLUSIONS 

It is concluded on the basis of experiments in several species and bv various 
techniques that tho marked spasmolytic action of low concentrations of 
eyvenne on excised tissue is complicated bi other factors at high eoncentm 
tions and in the intact animaL In view of the stimulation of the intestine 
which was frequently obeened and in the absence of objective evidence m 
its favor there seems to bo little justification for the clinical use of this drug 

ITio author wishes to express his thanks to Professor A. C DcCraff under 
whoso direction this studv wna earned out 
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The problem of vasodilators m chrome occlusive peripheral vascular 
diseases is difficult Rigid, fibrosed, sclerotic vessels as found in thrombo- 
angiitis obliterans and arteriosclerosis obliterans do not readily dilate 
Endothelial thickening, calcium and lipoid deposits or thrombi may occlude 
the vessel lumen They tend to counteract any increase in caliber Vaso- 
spasm is a minor factor except in early cases Inhibition of spasm of the 
irritated segment and of the reflexly involved collateral nnd neighboring 
vessels does offer clinical improvement However, due to the progressive 
nature of the obliterative disease process in the majority of cases, this ele- 
ment loses its importance 

This difficulty explains the lack of unanimity among the workers regarding 
the choice of a vasodilator drug Literally dozens have been recommended 
of wluch many have definite pharmacological activity The final criterion 
of beneficial action is an increase m blood flow and volume to the affected 
extremity The site of action may be directly on the higher centers, the 
vasomotor nerves and ganglia, the smooth muscle of the vessel wall or on the 
capillaries Important vasodilators recommended in the past few years arc 
ethyl alcohol (1, 2, 3), prostigmme (4), papaverine (5, 6, 7), theobromine 
compounds (8), calcium (9), tissue extracts (10, 11), sodium chloride (12, 
13, 14), histamine (15), and mecholyl (16, 17) Many of these preparations 
have been found unsatisfactory when used by other workers Lack of con- 
sistent results and difficulty of application have limited the usefulness of 
many Beneficial drugs as mecholyl and histamine require special apparatus 
and technique Calcium must be given intravenously to obtain an appre- 
ciable dilating action The theobromine compounds have not proved con- 
sistent Tissue extracts must be given by injection and they have proved 
disappointing Salt orally has likewise proved of little value Many 

1 The cyvenne hydrochloride was kindly supplied by Frederick Stearns nnd Compan} 
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TABLE 1 

Erperiwuntal obiertalioni 

Respiratory and nul*e rate*, oral temperature and blood pretture did not change or 
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TABLE 1 — Concluded 


N 

n 

3 


H 

O 


H 


TCTTAlt 

DOSE 


8 


F 


ICO capsuloa 
in 4 week* 


DIAONOBIB 


Artenooderosn 
obHterans (dia 

betio) 


OTHER 
T HEATH EXTS 


Postural rxer 
dsea 


REACTIONS 


Diuinw and 
headache 
and heart 
burn 


CLlHICAL RESULTS 


No change. Gangrene of 
a toe developed 2 weeks 
after cessation of drug 


0 


63 


M 


7 capsules 


Arteriosclerosis 

obliterans 


Postural exer 
rises 


Developed a very severe heartburn and 
refused further medication 


10 


40 


51 


9 capsules 


Thromboangiitis Postural exer 
obliterans caes 


Developed severe dimness and refused 
further medication 


11 


69 


M 


26 capsules in 
4 day* 


Art erioecl eros t* 
obliterans 


Postural exer 
cises 


Developed severe dixxy spells requiring 
6 days rest in bed Refused further 
medication 


12 


This u a normal who was checked before and after smoking, with and without cyverine. Obeer 
vat ions recorded at rest and immediately after smoking 2 cigarettes. After a smoking-free 
period cyverine was given 6 capsules one day and 3 the following morning Observations 
were checked subject then smoked 2 cigarettes and readings again taken Tho pulse showed 
a slight increase on smoking The amplitude of pulsations in the arms and ankles decreased 
on smoking approximately 1 division point. Readings did not go above normal with oyver 
me On smoking during the period of cyvenne ingestion the amplitude of pulsations de- 
creased but not to as bv. a level as with smoking without cyverine Surface temperatures 
decreased on smoking approximately 4 C each time. Cyvenne had no effect There were 
no uncomfortable reactions 


patients cannot take it Intravenously, as the hypertonic solution, its ad- 
ministration is wearing on the patient and its activity is bnef Papaverine, 
of marked benefit m acute cases as embolic occlusion, is of little value in 
chrome cases Only alcohol and prostigmine remain as vasodilators which 
can be taken orally over extended periods with desired results 

Recently, a svnthetic papavenne-like drug, cyvenne hydrochlonde (18), 
was mtroduced It is chemically related to papavenne and pharmaco- 
logically 7 its action on smooth muscle is said to be similar In view of the 
possibility that this new dmg could be given orally, it was subjected to 
clinical investigation 


METHOD 

Twelve individuals, one normal and eleven suffenng from artenosclerosis 
obliterans or thromboangiitis obliterans were given the drug Three of 
these cases were also given cyxenne locally by ionization The oral dose 
v aned from three to tw elv e 20 mgm capsules daily Each cases w'as followed 
for approximately four weeks Determinations were made under standard 
conditions of rest for three-quarters to one hour in a draft-free, constant 
temperature room Blood pressure, oral temperatures, surface temperatures 
and oscillometer readings were taken at weekly or semi-weekly intervals 
Evidences of subjective and objective improvement were noted Readings 
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were taken from one to three hours after the ingestion of the morning dose of 
the drug 

Patients numbers 2 and 3 were each given 66 grains of sodium nitrite 
intravenously according to tho method of deTakats (19) Each showed an 
increase In oecillometrlc amplitude denoting an element of spasm. In Case 
2 the pulse in the left ankle increased from 6 8 division points to 8 2 after the 
sodium nitrite. With eyvenne it steadily decreased to 4.2 at this point 
readings were discontinued Three weeks later tho amplitude was back to 
6 8 Caso 3, showed an increase from 1 0 to 1.8 division points with sodium 
nitrite. With eyvenne no increase was obtained 

Cyvenno was also applied by ionisation to cases 2 3 and 7 during the 
period of oral ingestion. Forty mil h grama wore dissolved in 30 cc of distilled 
water and applied through tho positive polo to the affected extremity The 
applications were given up to thirty minutes at thirty mflkamperes. Each 
patient received five treatments with absolutely negative results 

comiENT 

Of the twelve cases, eight suffered from mild to severe persistent heartburn. 
Dunn css and headaches were less frequently noted. These unpleasant 
symptoms were so sovaro that three patients refused further medication 
Of tho eleven cases in which it was tried therapeutically only two stated 
that there was any subjective improvement. In only one caso waa there an 
increase in walking distance. 

The lack of results is not surprising Papa\ enne, which eyvenne re- 
sembles is of little value orally Its best action is when administered pnren 
ternlly Investigations of the pharmacological action of papaverine consist 
mainly of perfusion studies on isolated muscle segments Many cyreenno 
studies have been likewise earned out 

It is realised that this senes of cases is very' small Blood flow and volume 
determinations were not done However the preponderance of unpleasant 
symptoms and almost complete lack of objective and subjective improve- 
ment halted further trial 


smniART 

1 Cywenne hydrochlondo administered orally frequently causes un 
pleasant symptoms as heartburn headaches and dirxinesa 

2 Its vasodilator action as shown by surface temperatures, oscillometer 
readings and clinical improvement is negligible 

3 It is not recommended as a vasodilator in chronio obliterative pen 
phcral vascular diseases 
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THE PIAL CIRCULATION OF NORMAL, NON ANESTHETIZED 
ANIMALS 

PART 1 DESCRIPTION OF A METHOD OF OBSERVATION 1 
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In 1938 Clark and Wentaler described a mothod b) which it was pomible 
to make dally observations for weeks or months on the ptal circulation of a 
normal rabbit (1) The advantage of this method was that it enabled an 
observer to study direct! \ the blood supply of the cerebral cortex after the 
immediate effects of the operation had subsided and without the complication 
of anesthesia Nevertheless several difficulties were apparent In the first 
place with this technique obeervation was limited to ono region of the cortex 
for the chamber was so large that it had to bo placed in the mid-line of a rab- 
bit s akull whore the field of view was partly obstructed bj the sagittal sinus 
Secondly the chamber was designed for use with rabbits only Without 
modification it was not applicable to other animals and the pial arterioles of 
rabbits were so delicate that operative damage whs difficult to avoid Lastly 
accurate measurements of vessels proved difficult unless the skull was clamped 
ngidly and this could not be done without anesthesia. 

In order to overcoats tame of these obstacles the following technique has been 
adopted. Cota and monkeyi have been aelected u experl mental animals and light 
general anesthesia ii uaed for the primary operation. The fasting animals are given 
nembutal— 0 6 « of a 6.6 per cent aolutlon per kilogram — by intra peritoneal Injection. 
About thirty minute* before trephining an Injection of aterile 30 per cent NaCl (4 cc 
per kilogram) la made into the peritoneal cavity The purpose of thU ii to dehydrate 
the animal so that when the akull ii opened the aurfaoe of the brain will fall back a 
Hula from the Inner table of the akull and make it easier to get at the dura without 
injuring the cortex. The head ia now ahared and tincture of metaphen applied to the 
tea Ip after a preliminary cleansing with alcohol. Instruments are aterillied by boiling, 
and aterile glove* gown* towola and gau*e mask* are used by operator and assistant 
A aterile eloth is atitched to the scalp oyer the operative field and a linear incision 
mads through scalp and masele usually la the parietal region In the cat It Is neces- 
sary to remove the upper half of the temporal muscle but In monkeyi only fascia and 
periostiom are found in thin region The operative field ia again swabbed with meta 
pben, including the exposed surface of the akull 


1 This study was aided by a grant from the Institute for the Study of Analgesic and 
Sedative Drug*. 
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The skull is non trephined and anj bone bleeding stopped with Bterilo bone wax 
A stainless steel tap, slightly bevelled, is serened into the hole in the skull and then 
removed, to make a track in the bone All loose spicules of bone are removed by forceps 
from the inner table of the skull, and small clotB (or blood} fluid) are wiped gently from 
the cut surface of the bone by means of a small pledget of cotton moistened with Ringer’s 
solution The next step is to pick up the dura with the point of a needle, incise it and 
remove a circle of dura by a wire cautery, carefull} lifting the membrane away from 
the brain with fine forceps Tho cauteiy is of fine nichrome wire heated to a dull red, 
and care should be taken not to hold it near the cortex for more than a fen seconds at 
a time No instrument or cotton is allowed to touch the exposed arachnoid, and speed 
is necessaty to atoid drying or irritation b} cool air currents Warm sterile Ringer’s 
fluid is gently flooded over the surface of the brain the moment the circle of dura is 
removed As soon as possible a circular window of Incite, moistened on its undersurface 
with Ringer's, is screwed into tho hole in the skull 

The cranial window now in use requires special description as it differs from the one 
which we have used m acute experiments A circular diso of ‘‘lucite” 5 (methyl metha- 



Fia 1 Chanial Window 


Adapter for injecting Ringer’s and expelling air bubbles is screwed into upper hole 
Machine screw by which window is sealed is in lower hole 

ciy late), 4 mm thick for a monkey and 6 or 7 mm for a cat, is machined with a fine 
thread, slightly bevelled, so bs to fit into the hole trephined in the skull The diameter 
of the disc should be such as to fit exact!} the hole made b} the individual trephine drill 
A disc of 16 mm diamoter has proved to be the most serviceable sue, though one of 
12 mm gives a wider choice of positions on the skull w here it can be placed The under 
surface of tho disc is made slightl} concave to conform to the curvature of the skull, 
the upper surface is flat and both are highly polished so ns to make of tho disc a trans 
parent window Two small depressions in its top, near the rat, fit a special wrench 
for screwing the window into the skull, and two small holes are made through the due, 
also near the ran These holes, to inject Ringer s solution and expel air bubbles 
beneath the window, are threaded so that the} mnj be sealed by small machine screws 

After the w indow is m place, the air beneath it is replaced by warm Ringer i solution, 
the holes sealed, and the junction between rim of window and skull is checked for pos 

j The lucite used for these windows is of a special composition which can be sterilized 
b} boiling without turning opaque Often it is desirable to polish the surface of tho 
window with Simomz just before observations arc to be made 
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sible leaks If a leak is found the window may be unscrewed and reinserted at a slightly 
different angle ' 

Where the edges of the incision overlap the window a half circle of scalp is removed 
on either side so that the scalp will fit closely about the window Where the inciBion 
extends beyond the window the edges of the scalp are approximated and held by loose 
interrupted sutures, thus no purse string sutureB are needed to hold the scalp in contact 
with the rim of the window Metaphen is applied to the wound surface The final 
dressing consists of powdered thymol iodide, a Btenle gauze pad and a sleeve of elastic 
stockinette drawn over the head and two holes cut for the cat’s ears For a monkey a 
soft leather helmet is substituted for the stockinette 

The animals begin to whke up soon after the operation but usually they are sleepy 
for 12 to 24 hours and it is important -especial!) with monkeys — to keep them warm 
dunng this period 

For observation a microscope mounted on a holder with a two-way mechanical adjust- 
ment is swung out over the animal's head from an extra heavy desk olamp A beam 
of light from a 165 watt filament lamp is filtered through a green solution (copper 
sulphate plus picno acid) and is focussed on the cranial window The animal is trained 
by petting and feeding to lie quietly on the table, and its head is held gently by hand 
It is often helpful to blindfold cats with a band of cloth To get objective evidence of 
change (or lack of change) in the diameter of blood vessels photomicrographs taken at 
frequent intervals have proved useful The usual exposure has been one tenth of a 
second, with 30x magnification taken on 35 mm film The enlarged prints can then 
be studied at leisure 1 

OBSERVATION on the growth of new tissue from the cut edges of the 

DURA, UTILIZING THE PRESENT METHOD OF STUD) 

Sometimes as early as five days after operation (though usually much 
later) a thm film of tissue may be seen growing over the arachnoid from the 
periphery This tissue — supplied with slender vessels arising from the dura 
— grows toward the center of the window rather symetncally from all poults, 
and gradually increases in thickness until the underlying pial vessels are 
entirely hidden (see fig 4) Occasionally, however, vessels from both pia 
and dura may form a network growing in irregularly from scattered points, 
and the opaque film of tissue between the vessels increases until the pial 
vessels below are obscured Then again, a few vessels may develop m small 
isolated areas — probably at the sites of pial injury Here they continue to 
grow locally without spreading further 

In one cat the newly formed membrane covering the arachnoid was re- 
moved by electro cautery after the window had been in place for three months 
No adhesions were found between this membrane and the arachnoid, and the 
membrane itself resembled the dura, but was thicker The pial blood vessels, 
exposed for a second time, showed almost the same pattern as at the time of 
the first operation ninety-five days before The window was now reinserted 

1 Caution should be used in estimating vessel diametor from prints We have found 
that if two prints, one light and one dark are made from the same negative bloo 
vessels in the dark print will look wider than the same vessels in the light one 
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and the field remained clear Some of tho vessels, especially the veins, 
showed fusiform bulgings about ten days later, probably due to alight trauma 
at the time of this second operation 

In a second animal a similar attempt waa made to separate the new mem 
brano from the arachnoid, but In this case the two membranes were found to 
be closely adherent 

In several monkeys a second window waa installed in the opposite parietal 
bone after the first one had been forced out of place by an accidental blow 
No infection resulted and the new window healed m normally The reactions 
of the pial arteries were the same as before in spite of the bone defect at the 
site of the old window 

As Clark and Wentaler found m rabbits so we have noticed in cats and 
monkeys that the pial vessels of all sixes show a remarkable constancy of 



A B 


Fla 4. A monkey normal appearance of cortex (8 dayi after Insertion of window) 

B monkey, 82 days after insertion of window— new Teasels are growing in from edges 
of dura. Different field from that shown above 

calibre and of blood flow under normal conditions, even during periods of 
emotional excitement 

Up to the present time the operation has been earned out successfully in 
twenty four animals — eighteen cats and six monkeys and the window has 
stayed m place for periods of from one week to four and a half months. 

One difficulty has not yet been fully overcome and that Is the measuring 
of small changes in diameter of the \ cssels. To accomplish this a magnifica- 
tion of 100 X is desirable and tho head should be nnmobihred in a clamp but 
that in turn requires a general anesthetic Furthermore without great!} 
disturbing tho animal one cannot get continuous records of blood pressure, 
cerebrospinal fluid pressure etc On this account the usefulness of the 
method seems limited at present to the recording by low power photographs 
of big changes in veafiel calibre possible also to the study after experimental 
embolism of the manner in which the circulation is re-established and similar 
problems 
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SUMMARY 

A method is descnbed for prolonged obsen'stion of blood vessels supplying 
the cerebral cortex of non-anesthetized animals Cats and monkeys have 
been studied so far, but the technique may be apphed to other animals 
A brief description is gnen of the outgrowth of repair tissue from the 
meninges 

Some of the limitations of the method are mentioned 

We wish to thank Miss Joan Wilkinson for technical assistance 
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The present experiment* were undertaken to study the effect of certain 
drugs on tho cerebral circulation of animals without the complication of a 
previous anesthetic We were especially Interested to learn what changes in 
caliber of tho pial arteries took place m response to a single drug The method 
of inv estigatlon was described m Part 1 In order to nv oid pain or struggling 
it was found best to restrain the animal lightly but not to immobilise the head 
in a clamp or to record blood pressure 

RESULTS 

Five cats and five monkeys were used in these experiments. The results 
are sum marked In table 1 

Avcrtin caused vasodilation in seven out of ten experiments The maxi 
mum dilation was Been about fourteen minutes after the injection Forty 
minutes or so later the arteries had returned to their former sue and the 
reflexes were beginning to reappear 

At the end of an a vert in experiment benredrino sulphate (by mtra peri- 
toneal injection) shortened tho tune of recover} considerably Twice the 
benxedrinc was followed by constriction i e the pial arteries became nar- 
rower than they were original!} Benredrino alone — not following avert in — 
was given m two additional experiments. No vascular change was seen 

Neither dial nor nembutal caused any significant changes of vessel caliber 
in these experiments 1 In previous experiments on anesthetized animals 
successive doses of dial had been followed bv slight dilation (1) The con 
ditions in the two groups of experiments, however were not identical for 
tho anesthetized group were observed immediate!} after the operation of 

1 Thii atudy wu aided by a grant from tho Inatltute for the Stody of Analgeale and 
8edatlve Drugs 

* Two of these animals with 'permanent window* were given anesthetic doaee of 
dial and of nembutal respectively before the teat Injection In these caeca On the 
presence of aneatheda) no dilation took place 
331 
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installing the cranial window, while the “non-anesthetized” group had fully 
recovered from this operation 

Ethyl alcohol (25 per cent solution) seemed to have a very different effect 
on these animals with “permanent” windows from what it had in acute ex- 
periments on animals under dial anesthesia In the latter animals alcohol, 
given intravenously or by stomach, had caused prompt vasodilation (2) 

TABLE 1 


All of the animals had "permanent" cranial windows 
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“Avertin fluid”* 

4-6 cc per kgm 


2 

2 



Solution of avertin 







crystals! 

4-13 cc per kgm 


4 

1 


3 

Solution of avertin 







crystalst 

6-8 cc per kgm 

Pent 

4 

4 



Avertin totals 


7 


3 

Dial! 

35- 65 cc per kgm 

Pent 

1 



1 

Dial! 

04- 07 cc per kgm 

Vein 

4 



4 

Nembutal} 

4- 7 cc per kgm 

Pent 

! 4 


1 

3 

Alcohol (25 per cent) 

12-28 cc per kgm 

Stom 

4 



4 

Alcohol (25 per cent) 

2-6 cc per kgm 

Vein 

3 


1 

2 

CO, 

10 per cent 

Lungs 

8 

8 



Bemednne (after 







avertin) 

2-7 mgm per kgm 

Pent 

7 


2 

6 

Metraxol 

8-16 mgm per kgm 

Vein 

4 

2 


2 

Acetanilide 

1700-2000 mgm per kgm 

Stom 

2 



2 


* Avertin fluid — tnbromethanol (sat sol ) in amylene hydrate diluted with water 
to make a 2 6 per cent sol of the original “fluid ” 1 cc contains 25 mgm avertin 

t Avertin crystals — 2 6 per cent solution in distilled water 

t Dial (contributed for experimental purposes by the Ciba Co , Lafayette Park, 
Summit, N J ) each cc contains diallylmalonylurea, 0 1 gram urethane, 0 4 gram and 
monethylurea in distilled water 

§ Nembutal— pentobarbital sodium (alcohol 10 per cent) — each cc contains 65 mgm 
nembutal 

In seven experiments on animals with “permanent" windows there was no 
immediate change m vessel cahber Twenty hours later, it is true, two of the 
monkeys, which had been given alcohol by stomach tube and had become 
stuporous, showed congestion of the cortex But this delayed reaction was 
different from anything seen previously 

Carbon dioxide, a strong vasodilator m acute experiments on anesthetized 
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Fia 1 BoLtmoH or Aviurriw Crtstaij 
1 2 3 -t 

Control 30 eec. after 11 min. after injeo- 22 min, after Inlec 

injection tion (aaleep) tion (voicing) 

Photomicrograph* of pial Teasel* before and after an Intrapentoneal injection of a 
ifi per cent solution of arertin eryatals (8 ec. per kilogram) Tbe artery (a) u dilated In 
2 and mora dilated in 3 In 4 It la nearly beck to it* original *i*e The window (the 
aecond which had been Installed In thla monkey) had been In place twenty-one day* at 
thli time Some new vessels which were crowing in over the arachnoid are acen on the 
left aide of the field. 




v-S l 

Fro 2 Aykktix Fluid 

1 

1 

2 

3 

Control 

4 min. after injection 

25 min. after injection 


(asleep) 

(asleep) 


Photomicrograph* before and after a rectal admimatratlon of avertin fluid (0 ce 
ger kilogram) Tne pial arterr (a) !■ dilated in 2 and la back to it* original aUe in 3 
i ne window ha* been In plaee In thli monkey for fourteen day*. 

There was found to be no constant relationship between the return of the artery to 
Ha normal diameter and the reeorery of consaousnesa. Compare figures 1 and 2, 



Fia 3 Dial 

1 2 3 

Control 17 min. after Injection 40 min after Injection 

(asleep) (»tlll asleep) 

Photomicrographs before and after an intraperitoneal injection of dial (0 4 cc. per 
kilogram) The cortex was observed and photographed constantly for seventy min 
utes following the injection There was no change m the cerebral vessels during this 
period. The window had been in place In this monkey for eighteen days and new vessels 
*«re beginning to grow In over the arachnoid 
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animals (3), caused -vasodilation also in these experiments In five addi- 
tional experiments (not recorded in table 1) carbon dioxide was given both 
before and after anesthesia The result in evcrv instance w as dilation 
Metrazol had caused strong vasodilation m acute experiments on anes- 
thetized animals (4) In the present senes photographs were taken at fre- 
quent mterv als, beginning fiv e seconds after the injection and continuing for 
six minutes No significant dilation occurred 5 

Experiments on anesthetized animals had shown that acetanilide, if given 
in small amounts, caused no consistent change m pial v essel caliber A 
conspicuous change which did occur was a peculiar brownish cyanosis of the 
pial circulation The color change was noticed about eight}' minutes after a 
small intrav enous dose (as small as 10 mgm per kilogram) (1) The results 
v\ ere similar in the present experiments In one monkey with a “permanent” 
window acetanilide (500 to 1400 mgm ) in 2 per cent gum arable solution 
was given daily b} stomach tube for six davs The total amount of 



Fig 4 Alcohol 

12 3 4 

Control During injection 15 mm, after 7 min after 

injection injection 

Photomicrographs before and after an intravenous injection of alcohol (fe per cent — 
3 5cc per kilogram) There was no change in diameter or apjiearance of the pial vessels 
either during or after the injection (watched for 34 minutes) The window (the third 
which had been installed in this monkey) had been in place thirteen dajs at this time 

acetanilide given during this time w as 1700 mgm (per kilogram) Another 
monkev w as giv en 2000 mgm per kilogram in similar manner dunng a period 
of four davs One of these animals showed some constriction of the pial 
arteries dunng the first three da} s, after which the v essels returned to their 
former size The other animal (w ith manv new v essels parti} obscuring the 
pial artenes) showed no definite change m vessel caliber In both animals 
cj anosis appeared on the second dav and became more evident on the fourth 
and fifth 


COMMENT 

Sev eral drugs appeared to hav e a stronger v asodilator action on animals 
under general anesthesia than on those with no anesthesia This difference 

> Among these animals with 'permanent ’ windows was one which received an anes- 
thetic dose of dial before the metrnrol In this case as with the conscious animals 
there was no significant vasodilation 
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in nil probability was due not to the anesthesia, itself but to another factor — 
tho recent exposure of the pial vessels of the 'anesthetized group to operative 
trauma In the “non -anesthetized group the -vessels had long since ro- 
om erod from such exposure and were protected against sudden changes. 
The significant feature indeed of this latter group was not the absence of 
anesthesia but tho praeence of a permanent cranial window 
The difference m results between the two groups of snlmnls might be given 
a still different explanation it is possible that the recently exposed vessels 
were not more reactive but that tho protected vessels — long in contact with 
a lucite window — had become less reactive than normal. There seems how 
ever to be no good evidence for this supposition. The vessels beneath the 
‘permanent window showed no signs of injury and they reacted normally 
in other ways — by dilation m response to COj and by a weak constriction 
after stimulation of the cervical sympathetic nerve 
Without data on blood pressure to supplement the observations on the 
cerebral artenes It la impossible to estimate even qualitative changes m 
cerebral blood flow It should be stressed that dilation of these arteries is not 
in itself proof of m creased blood flow through the brain nor is constriction 
proof of decreased flow' Changes in rate of flow depend chiefly upon changes 
in blood pressure (5) 

Tho rate of blood flow (i.e the observed mm ement of corpuscles through 
the small venules of the pla) was not noticeably altered m these conscious 
animals by emotional disturbances such as anger fear or excitement. Groat 
excitement with muscular movements however made observation by micro- 
scopo impossible and the statement juat made refers to milder states. 

SUMMABT 

In animals with permanently installed cranial wmdows the effects of cer 
tain drugs on the pial artenes were as follows 
Avertin and carbon dioxide caused -vasodilation 

Alcohol dial, nembutal, metraxol and acetanilide were followed by little 
if any immediate change in vessel caliber 

Acetanilide by mouth, caused cyanosis visible in the pial circulation 
The presence or absence of general anesthesia did not appear to influence 
the results noticeablj but recent operative exposure seemed to increase the 
dilator effect of somo drugs. 

We wish to thank Miss Joan Wilkinson for technical assistance 
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A single toxic dose of digitalis or ouabain, or successive administrations of 
smaller doses to dogs, cause death, usually as a result of ventricular fibrilla- 
tion The fibrillation is preceded by premature ventricular beats which 
arise from various foci and may occur isolated or grouped, often eventuating 
in runs of ventricular tachycardia (1-4) The mechanism by which such fi- 
brillation is initiated is of importance not only in its relation to fibrillation 
induced in other ways, but also because the onset of ventricular fibrillation 
represents the ultimate standard upon which the bio-assay of digitalis really 
depends in mammals and, unless such fibrillation is dependent upon a specific 
physiological mechanism, it cannot be very exact The possibility therefore 
deserved exploration whether this may prove to be a fundamental reason 
why dogs are not generally regarded as favorable animals in the bio-assavs of 
digitalis (3) 

The arrhythmia which precedes ventricular fibrillation after digitalis 
resembles so closely that which frequently precedes ventricular fibrillation due 
to coronary occlusion that a similar mechanism may be suspected In regard 
to the latter, Wiggers, Wdgna and Piflera (5) recently found that, in expen- 
mental coronary occlusion, the vulnerability of the dog ventncles to a short 
direct current stimulus applied during late systole, is increased, l e , ventncular 
fibrillation can be induced by a weaker direct current shock in a heart with 
an ischemic area than in a normal one Since ischemia reduces the fibrillation 
threshold to artificial stimuli and also causes the appearance of ectopic foci, 
they put forward the theory that spontaneous ventncular fibnllation dunng 
coronary occlusion may be due to those ectopic stimuli, now of threshold 
value for the hypersensitive m> ocardium, anyone of them being able to induce 
fibrillation when it falls dunng the vulnerable penod of either a normal beat 
or that of an extrasystole 

> This investigation was supported by a grant from the John and Mary R Markle 
Foundation 

• Fellow of the Belgian American Educational Foundation 
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The present research wa* started to determine whether digitalis and ouabain bare 
a similar effect on the fibrillation threshold The Individual physiological basis upon 
which determination of such thro hold depend*, ha* beeD presented In previous popera 
(6-8) by Witter* and W6gria and rosy be briefly renewed with the aid of the ditfram 
of fifure 1 If a ahort rectilinear ahock (d) or (e) of moderate strength and 0.02 second 
In duration is applied to the ventriele during diastole a premature ventricular systole 
Is produced If an Identical ahock (a) is applied during the pseudo- refractory period of 
late diastole It is Ineffective so is any identical shock (b) applied during the abeolute 
refractory period of ventricular systole labeled R But if an Identical shock (o) Is 



Fio 1 The upper tracing, a left Intraventricular pressure curve R. absolute re- 
fractory period V vulnerable period D diastole a, 6 c. d « short direct current 
stimuli ail 0 02 second In duration a b l e 1 d 1 e similar but stronger direct current 
stimuli 

applied during tho so-called vulnerable period V extending over late systole and 
probably the first momenta of protodiastole It may produce one — sometimes two — pre- 
mature ventricular systoles 

If shocks a 1 b l c d l e 1 stronger and 0 03 second In duration are applied respee 
tively In the samo periods of the heart cyelo as shocks a, b e d e shocks d l and e 1 
however strong they may be will produce one ventricular extra-systole and never two 
premature systoles or ventricular fibrillation Shocks a 1 and b 1 however strong they 
be will be ineffective Bat shock c* may produce ventricular fibrillation The strength 
of such a short rectilinear shock, 0 01 to 0 03 second in duration Just sufficient to cause 
the ventricle to fibrillate when applied to the ventricular surface at the right moment 
of the heart cyclo, has been termed tho ‘flbnllatloo threshold (9) To study the action 
of phyaiologlcal pharmacological or pathological factor! on the fibrillation threshold 
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A single tone dose of digitalis or ouabain, or successive administrations of 
smaller doses to dogs, cause death, usually as a result of ventricular fibrilla- 
tion The fibrillation is preceded by premature ventricular beats which 
anse from vanous foci and may occur isolated or grouped, often eventuating 
m runs of ventricular tachycardia (1-4) The mechanism by which such fi- 
’ bnllation is initiated is of importance not only in its relation to fibrillation 
induced in other ways, but also because the onset of ventricular fibrillation 
represents the ultimate standard upon which the bio-assay of digitalis really 
depends m mammals and, unless such fibrillation is dependent upon a specific 
physiological mechanism, it cannot be very exact The possibility therefore 
deserved exploration whether this may prote to be a fundamental reason 
why dogs are not generally regarded as favorable animals in the bio-assavs of 
digitalis (3) 

The arrhythmia which precedes ventricular fibrillation after digitalis 
resembles so closely that which frequently precedes ventricular fibrillation due 
to coronary occlusion that a similar mechanism may be suspected In regard 
to the latter, Wiggers, Wdgna and Pifiera (5) recently found that, m expen- 
mental coronary occlusion, the vulnerability of the dog ventricles to a short 
direct current stimulus applied dunng late systole, is increased, l e , ventncular 
fibrillation can be induced by a weaker direct current shock m a heart with 
an ischemic area than m a normal one Since ischemia reduces the fibrillation 
threshold to artificial stimuli and also causes the appearance of ectopic foci, 
they put forward the theory that spontaneous ventncular fibrillation dunng 
coronarj occlusion may be due to those ectopic stimuli, now of threshold 
value for the hypersensitive myocardium, anyone of them bemg able to induce 
fibrillation when it falls dunng the vulnerable penod of either a normal beat 
or that of an extrasystole 

1 This investigation uas supported by a grant from the John and Mary R. Markle 
Foundation 

5 Felloe, of the Belgian Amencan Educational Foundation 
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noticed numerous ventricular extraaystoles but afterwards the heart rate 
became regular again and the beat of sinus origin. The S-T segment, how 



Fio 2. Purr Shottiho th» FraniLLATioir Thmshold or nr* Lrrr Vektricl* bxtobe 
amd irm Digital:* amd On a* aim 

Each rartic*! lino repments the strength in miUi ampere* of each ■hock teafed a 
shock which produced fibrillation i* indicated by the algn T In experiment* 1 to 8 
included, the numeral* refer to the number of cc. of dbritali* infuriou Injected per kilo- 
gram of animal body weight. In experiment* 0 and 10 the numeral* refer to mym. of 
ouabain Injected per kilogram of animal body weight. The henry line under thoae 
numeral* represent* the duration of the Injection Duration of thock experiments I 
and 6. 0 025#econd erpenment* 2, A 5 9 10 0 020 *ecoad experiment 3, 0 028 second 
experiment 7 0 030 second experiments 0 015 second 


ever, became more and more depressed the P R interval increased (0 15 
second) and the QRS complex was wider In tho presence of such clear signs 
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of digitalis action a fibrillation threshold determination was begun and the 
same D C stimulus, 0 025 second m duration, was used It had to be pro- 
gressively mcreased up to 21 M A to be able to produce i entncular fibrilla- 
tion at 4 35 p m This experiment shows conclusively that a dose of digitalis 
sufficient to produce evident signs of digitalis action does not significantly alter 
the fibrillation threshold 

All experiments plotted m figure 2 are experiments m which we had similar 
clear signs of digitalis or ouabain action It will be noticed that m most of 
these we obtained no signs of action of the drugs with smaller doses, in which 
case w e \ ery often administered a second dose of digitalis Attempts to study 
stronger doses of digitalis and ouabain proved unsuccessful due to the develop- 
ment of irregular ectopic rhvthms which made our method inapplicable, since 
the irregularity of the heart under these circumstances prevented certain 
application of our stimulus at the proper moment of the heart cycle On 
the other hand, since the fibrillation threshold for an ectopic ventricular beat 
is perhaps not the same as that of a beat of sinus origin, no conclusions could 
properly be drawn from such experiments 

As shown in plots of experiments 9 and 10 of figure 2, theresultsobtamed 
with digitalis and ouabain are entirely comparable It should be said for both 
senes of expenments, however, that there may be a progressive slight decrease 
in the fibrillation threshold after digitalis (fig 2, Exp 6) or ouabain (fig 2, 
Exp 10) We hesitate to attnbute significance to such small changes, par- 
ticularly as a similar, slight decrease in the threshold occurred in some pro- 
longed expenments m which no drug had been administered It may be 
added that signs of drug action were not more evident when the fibnllation 
threshold started to decrease than when the threshold was the same as the 
control threshold We therefore conclude that digitalis and ouabam (g- 
strophanthin), in doses sufficient to produce the signs of cardiac action we 
descnbed, do not alter significantly the fibnllation threshold of the dog 
ventncles 

Spontaneous ventricular fibrillation after digitalis or ouabam administration 
Although the fibrillation threshold of the dog ventncles is not changed by 
therapeutic doses of digitalis or ouabam, the type of fibrillation produced by a 
strong stimulus applied dunng late systole m a digitalized heart is quite differ- 
ent from the fibnllation produced m a normal heart 

In a normal heart fibrillation starts with a short undulatory stage followed 
within 1 or 2 seconds by a penod dunng which the electrocardiographic waves 
get shorter and shorter and then the heart passes into fine fibrillation In the 
fibnllation produced by an electncal stimulus in a digitalized heart the waves 
have a more regular appearance even after one second of fibnllation, they 
are more uniform in shape as well as in voltage, their frequency is less and 
they show no tendency to shorten 

In a few expenments we gave, m fractionated doses, an amount of digitalis 
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or ouabain sufficient to produce spontaneous ventricular fibrillation Such 
ventricular fibrillation is still different The successive changes as shown 
by figure 3 can roughly be grouped into the following stages 

1 Lengthening of P R interval various degrees of A V block depression 
of 8-T segment or mv eraon of T vvuv e and abnormalities of QRS (fig 3 2-3) 




Vio 3 Bequest* or Hecoem Bnomwo PaooaEaaivn Chanoei in E.C.O (III) 

(UrrEJi) and Lsrr VektricouXb Pee*vo*w (Love*) to llott so Toxio Doaci 
or Dioitaub 

/ early effects f**entlally normal tarre* I prolongation of the P R Interval 3 
prolongation P It Interval depreanon 8-T augment, deformation of QRS complex [ 
4 multifocal ventricular rhythm 6 ventricular rhythm 6 ventricular rhythm with 
intraventricular conduction defect resulting in ineffective bent* (tee pressure curve) 
7 regular Ineffective tachyayttdea (XB/rain ) * start of coarae fibrillation Time 

A •« 

2 Dmelopment of nodal and ventricular premature beats and paroxysms 
of ventricular tnchvcardia with definite elevations of ventricular pressure 
(fig 3 4 B) 

3 Pronounced widening and deformation of electrocardiographic deflec- 
tions i c low frequency or occasionalh temporanlv increased fmjucnci —all 
with ven little elevation of intraventricular pressure (fig 3 &-7) 
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4 Wide irregular E C G complexes without any appreciable ventricular 
pressure elevations eventuating in true fibrillation (fig 3, 8) The type of 
fibrillation thus developed resembles more that following toxic doses of KC1 
(11) than that due to electrical currents (7-8), or coronary occlusion (5) 

DISCUSSION 

In trying to formulate a conception as to how ventricular fibrillation is 
produced by toxic doses of digitalis or ouabain, we have considered the pos- 
sibility that large doses may lower the fibrillation threshold of the ventricles, 
whereas the therapeutic or subtoxic doses which we studied do not alter that 
threshold While this cannot be definitely ruled out, we have to recall that 
in the case of fibrillation produced by coronary occlusion a reduction m 
fibrillation threshold occurs long before such ventricles go into fibrillation 
It seems therefore that the explanation of the fibrillation produced by digitalis 
or ouabain in toxic doses is not to be found in a lowering of the fibrillation 
threshold by those toxic doses 

With the observations of Wiggers and Stimson (12) that digitalis prolongs 
intraventricular conduction, ev en in subtoxic doses, it seems more probable 
that the development of this significantly different type of ventricular fibrilla- 
tion is the result of changes in myocardial conductivity and possibly in the 
refractory period In this event, the inception of the stage which can truly 
be characterized as “fibrillation” must be referred to a favorable development 
of localized blocks rather than to the advent of an effective stimulus 

SUMMARY 

1 As a result of previous investigations, a critical method for determining 
the sensitivity of the dog ventricles to fibrillation is presented It consists 
fundamentally in measuring the strength of a short D C stimulus applied in 
late systole, just sufficient to induce fibrillation 

2 Studied by this method, digitalis and ouabain (p-strophanthin) in doses 
sufficient to elicit clear signs of action, do not alter significantly such a fibrilla- 
tion threshold of the dog ventricles 

3 Since toxic doses of digitalis and ouabain induce spontaneous fibrillation 
of the ventncles, some other mechanism must be involved Results are pre- 
sented w'hich lead to the conclusions (a) that the ty pe of fibrillation induced 
differs significantly from that caused by electrical currents and coronary 
occlusion in normal hearts and (b) that its onset and development depend on 
favorable development of localized blocks and changes in myocardial conduc- 
tivity and does not require the advent of an effective stimulus during the 
vulnerable period, as in electrocution and coronary occlusion 

4 The results arc of fundamental importance in showing (a) that ventricu- 
lar fibrillation may result as a consequence of more than one mechanism, 
and (b) that the slow and somewhat variable progression of the fibnllating 
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process which leads to death from chgitala, is one of the factors which makes 
dogs unfa\orablo anima l s for the bioasaaj of digitalis. 

We wish to express our sincere thanks to Professor Carl J Wiggcre for 
hta continuous guidance throughout tho work and to Dr G R, Moc, Messrs, 
H D Kohn and P M, Kohn for their help in some experiments 
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It is generally agreed that prontosi! and related compounds are reduced 
in the animal body at the azo linkage and that one of the reduction products 
is sulfanilamide (1) However, the mechanism by which this reduction is 
brought about is not known Long and Bliss (2) obtained some reduction 
by injecting formaldehyde sulfoxalate into rabbits along with the drug Bliss 
and Long (3) showed that cysteine incubated for twenty four hours with 
prontosil caused its reduction It seemed probable that the cells contained 
reducing systems which might be capable of bringing about this reduction 
more rapidly It was of interest, therefore, to study the reduction of nere 
prontosil in mtro by certain tissues and the effect of the addition of various 
substrates 


EXPERIMENTAL 

The tissues of the white rat were used for most of the experiments although 
similar results were obtained yvith guinea pig tissue They were removed 
immediately after killing, chopped with scissors, ground in a mortar with a 
little sand and M/20 phosphate buffer (pH 6 7) and squeezed through muslin 
One cc of the resulting suspension was added to 1 0 cc of buffer (pH 6 7) and 
0 1 cc of neoprontosil, containing 0 25 mgm , and incubated in a test tube 
at 37° If the suspension is thoroughly aerated no reduction of the dye occurs 
If the tissue is incubated anaerobically the reduction is somewhat more rapid 
than when incubated semi-anaerobically m a test tube, but because of con- 
venience the latter method was used and gave satisfactory results At the 
end of the incubation period 0 0 cc of 95 per cent alcohol yvere added to each 
tube and the tubes centrifuged Addition of the dye to controls just before 
th6 addition of the alcohol showed that it was possible to recover all of it by 
this procedure After centrifugation the clear liquid containing the un- 
reduced dye was decanted and estimated in a colorimeter against a suitable 
standard dissoly cd in the same concentration of alcohol 

Table 1 shows the amount of dje reduced by hvei, kidney and brain in a 
certain length of time, the wet weight of the tissues in the three cases being 
the same The liver causes the most mai ked reduction, the kidney shows a 
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slight reduction and brain none at all Tho following experiments were 
therefore done with Uver in order to determine what components in the tr-soe 
were responsible for the reduction The liver suspension was diluted to 50 
cc and washed bj centrifuging This was done two or three times and the 
resulting solid finally suspended in buffer This material hod very little 
oxygen uptake and when added to tho dye under the standard conditions 
caused very little reduction (table 1) even though the protems contam*d 
free sulfhydrjl groups In the next experiment the liver suspension was 
boiled for 5 minutes before adding the dye This also inhibited the reduction 
almost complctelj (table 1) Finally KCh in a concentration of m/200 
was added to the suspension The fact that this also inhibited the reduction 
of the dye completed (table 1) indicated that the oxidation of some substrate 

TABLE 1 

The reduction of OSS nrgn of neoprontosil bg twun vitk eoritnu tubrtrzUr at r* 


Unlen otherwi*© indicated the pH wu 6 7 The figure* represent the cages z£ rre 
unreduced at the end of a given time. There waa no appreciable reduction of tie dy* j-r 
eyxtelne or thlogiycollie acid alone during tho time of the experiment 
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by a cyanide-sensitive system was coupled with the redu^t:^: d . 
tosih 

\ anous substrates were added to both the washed xid c-r 
suspensiona to Bee whether any of them increased the redoethc 
included succinate choline d ammo acids, glucose lactate, 
glutathione cysteine thioglj colhc add and ethyl akolr^ t-r 
cysteine thloglycoUic add and ethyl alcohol m creased tie 
The others had no effect The addition of cysteine and C-icdUbtc/ ^ 
kidney suspension increased the reduction rate sotnewhu \rz -r^ 
brain these substances had no effect (table 1) The san*-*^ 
alcohol caused no reduction when they were added to ^ 

treatrd with evamde (table 1) When added to the ^ ^ r x 

any tisBue no appreciable reduction occurred during tly ^ ^ 

ment, Eitlter the presence of a therroolabUe eyuude-*^^ * 
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liver specific for the oxidation of SH compounds such as cysteine and thio- 
glycollic acid (but not glutathione), or the catalyst responsible for the oxida- 
tion of ethyl alcohol was necessary before these compounds could reduce the 
dye at a rapid rate The substitution of copper and iron salts for the tissue 
failed to increase the reduction rate m the presence of cysteine and thioglycol- 
lic acid although copper and iron rapidly oxidize these compounds 



Fio 1 The Reduction op 0 25 Man of Neopbontobil bt Liver Suspension with 
and wi t h out 2 0 Mom or the Indicated Substrates 
pH 6 7, 37° The figures represent the amount of neoprontosil unreduced at the 
indicated times 

The relative rates of reduction are shown m fig 1 Cysteine causes the 
most rapid reduction Thioglycolhc acid and alcohol reduce at about the 
same rate All three compounds show a significant increase over the control 
A similar curve could be plotted for washed liver suspension, although m 
this case the alcohol is ineffective because the catalyst responsible for its 
oxidation has been washed atvay and the time required for complete reduction 
by cysteine and thioglycolhc acid is much longer A change of pH from 6 7 
to 7 8 has no effect on the reduction except m the case of alcohol which at the 
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higher pH reduces more rapidly Thus at the cud of an hour 0 14 mgm. of 
the original 0 25 mgm of neoprontosil was still unreduced m the controls. 
In the presence of 2 0 mgm. ethyl alcohol, 012 mgm were still unreduced at 
pH 6 7 but at pH 7 8 only 0 04 mgm remained. This might be expected 
because the activity of the alcohol oxidase is greatest at pH 8 0 ■whereas the 
oxidase for cysteine and thioglycollic acid has no sharp optimum In this range. 
This pH effect is further evidence that the reduction of the dye is dependent 
on the activity of certain intracellular catalysts. 

It should be mentioned that when cysteine is added to liver under these 
experimental conditions the hemoglobin is converted into a green pigment 
This docs not Interfere with the determination aa it is precipitated by the 
alcohol It is also not essential to the reduction as the neoprontosil is reduced 
by the washed tissue and cysteine when no appreciable amount of hemoglobin 
is present. 


DISCUSSION 

As muscle was also inactive the evident* obtained m these experiments 
indicates that the reduction of the axo dye neoprontanl occurs almost ex 
elusxvely in the liver and In that organ only certain enxymo systems are 
involved The somewhat different results of Engel (4) are difficult to explain 
because he does not give the conditions of his experiments. The question 
remains whether this specificity manifests itself only with neoprontosil or 
whether other axo dyes are reduced by the same mechanisms This is difficult 
to answer because of the extreme insolubility of many of the axo dyes Thus 
scarlet red was not appreciably reduced by liver but it is doubtful whether 
much was in solution. Pyridium is more soluble and is reduced but cysteine 
and alcohol have comparatively little effect on the rate. Chrysoiodme, 
another axo dye, was reduced when fed to animals (6) 

8UUMABT 

1 A suspension of rat liver incubated semi anaerobically with neopron- 
toeil reduced the dye. Kidney under the same conditions causes compare 
tively little reduction and brain and muscle none at all. 

2. The addition of cystine thioglycollic add or ethyl alcohol Increases the 
reduction rate of liver but has little effect when added to kidney or brain. 
Glucose lactic acid amino acids amines, succinic add, choline aldehydes 
and glutathione have no effect on the rate of reduction by liver 

3 Cysteine and thioglycollic acid alone or m the presence of copper or iron 
salts reduce neoprontosil only very slowly 

4 Boiling or the addition of KCN prevents the reduction by the liver 
alone and with the substrates. Washed liver reduces very slowly and the 
addition of cyxteine and thioglycollic acid Increases the reduction rate 
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" 5 Changing the pH from G 7 to 7 8 has little effect on the reduction rates 
with the exception of alcohol which reduces more rapidly at the higher pH 
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A number of investigators have administered alcohol and determined the 
amount which is eliminated m the urine the values found range from 0 7 
to 1-8 per cent (1-10) These values do not express anj general rate of 
elimination they are significant only for the particular experiments per 
formed No study has heretofore been made of the general factors deter 
mining the rate of elimination of alcohol in the unne 
The principles of elimination are defined here and demonstrated experi- 
mentally They also apply to tho elimination of volatilo substances other 
than alcohol Especial consideration is given to the diuresis caused by 
alcohol and its influence on the rate of elimination 

1 principles op elimination in the urine 
In tha kidneys, alcohol para from the blood into the urine by difforion (10 11) 
The concentration of alcohol In the two fluid* 1* determined by the relative aolabllitie* 
of alcohol in the two media. ThU ratio variea allghtly with the apecifle gravity of the 
urine for human urine at ap. gr 1 028 the ratio (with blood taken a* 1) la 1.27 at*p gr 
1 012, 1 JO and at *p gr 1 002, 1 M (12) 

The blood, In pairing through tho kidney*, I nee* alcohol to the urine The concern 
tratlon In the urine doe* not, therefore correspond exactly to that in tho arterial blood, 
but ln»tead to that in tho renal venoua blood The loaa of alcohol U to amall however 
that no serious error ta Introduced In employing the concentration in the arterial blood 
The relation of the concentration of alcohol in the arterial and venoua blood* of the 
kidney* is shown by tho wjuatloc, 

(/) c f- M + tl 

in which c and c' are respectively the concentration* in the renal arterial and venoua 
blood* in milligram* per cubic centimeter 1 th* volume of blood in cubic centimeter* 
flowing through the kidneys per minute 1 the volume of urine in cubic centimeter* 
accreted In 1 minute and k the solubility of alcohol in urine with that In blood taken a* 1 
The volume of blood flowing through the human kidney* per minute usually axeeed* 
1,000 ec the average reported by 8mlth Goldring and Chaari* (13, 14) for 43 subjects 
waa 1 189 cc. the loweat value waa 525 ec The normal average output of urine by our 
aubjecta waa 0 W cc per minute the greatest output during the diuresis from alcohol 
349 
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was 12 cc per minute On the basis of these values (equation /), the concentration of 
alcohol m the venous blood of the kidneys would, on the average, differ from that in the 
arterial blood by only 0 08 per cent and in the extreme, 2 9 per cent 

The amount of alcohol eliminated by the kidneys during any period of time when the 
rate of secretion, blood flow, and concentration are uniform, is expressed by the equation 
(f) A - c'kV 

in which A is the amount of alcohol in milligrams eliminated in 1 minute, and c', k and 
V' are as ra equation 1 

The amount of alcohol ingested is a primary factor m determining the amount of 
alcohol ebminated The relation, however, is not one of direct proportion The maxi- 
mum concentration of alcohol reached in the blood, and the length of time required 
for the oxidation and elimination of the alcohol, both vary in approximate proportion 
to the amount of alcohol ingested That is, on doubling the dose the concentration 
will rise nearly twice as high and alcohol will remain in the body nearly twice as long 
(see table 1) Therefore with a uniform rate of secretion of urine, the amount of alcohol 
eliminated m the unne (equation £), will vary as the square of the amount ingested, 
while the per cent of alcohol eliminated will vary in direct proportion to the amount 
ingested 

In most individuals alcohol causes a short period of diuresis at the time when the 
concentration of alcohol in the blood is highest, which is also when the urine contains 
the greatest amount of alcohol This diuresis interferes with the experimental demon- 
stration of the pnnoiples of elimination defined here Two out of 12 subjects used 
m experiments to be reported here gave no diuresis with amounts of alcohol up to 
48 grams These 2 subjects were therefore used in a series of experiments to determine 
the relation of the amount of alcohol ingested to that eliminated The findings are 
given in section 3 and table 1 

2 GENERAL EXPERIMENTAL PROCEDURE 

Twelve male subjects were used, they varied m age from 26 to 52 years and in weight 
from 62 to 91 kgm They came to the laboratory m the morning without having eaten 
since the evening meal of the previous day or taken water since 10 p m They remained 
seated in a comfortably worm room, reading or listening to radio music, and were kept 
as free as possible from disturbing influences A preliminary senes of 4 expenments 
was earned out on each subject to determine the normal rate of urinary secretion For 
a penod of 6 hours, during which no fluid was taken, the unne was collected and meas- 
ured each 30 minutes In a second senes of 4 expenments on each subject the unne was 
similarly collected for 2 hours before and for 6 hours after drinking 180 cc of water 
In all subsequent expenments in which alcohol was given it was diluted to this volume 
which, with a dose of 46 grams of alcohol, gave the highest concentration which the 
subjects could dnnk without discomfort The volume of water did not alter the hourly 
rate of unnary secretion beyond the limits of normal vanation Figure 1 showB values 
obtained from one subject The average rate of secretion vaned widely as between 
the different subjects, ranging from 24 to 74 cc per hour, but was remarkably constant 
for each subject From the 8 preliminary expenments the average hourly secretion 
was obtained for each subject, the maximum difference found between this average 
and that from a single expenment on any one subject was +9 and -7 cc per hour 

In all expenments in which the elimination of alcohol was followed, the unne was 
collected at 30 minute intervals starting 2 hours pnor to the ingestion of the alcohol 
and continuing for 1 hour after the alcohol had disappeared from the blood The 2 
hour preliminary penod was intended to detect any wide vanation from the normal 
average of the subject, none was found The concentration of alcohol in each specimen 
of unne was determined and likewise, at the half-hour intervals, that m the blood 
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Diuresis occurring after drinking aleohol was recorded as tie amount of urine ac- 
creted for the total period In extern of the average amount secreted by the subject In 
the tame length of time when no aloobol bat only water waa drunk. After 12 grama of 
alcohol the urine waa collected for 3 bo ura, after 34 grama for 5 boon liter 48 grama for 
0 hour a and after 04 grama for 10 houn With a maximum Individual variation from 
the average of 9 ec per boor aa found in the preliminary experiment# the volume* 
recorded here at dlu reala may be taken for the time employed aa significant when In 
excess reapectively of 27 4 8 81 and 90 ec. 

VCdtx Baudrexel and Dietrich (18) and Nlcloux and Nowioka (16) haTc shown that 
alcohol can be abaorbed from the bladder Their demonstrations were made with 
alcohol Injected Into the bladder at concentrations higher than those found in the urine 
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after the ingastlon of alooboL Haggard, Greenberg, Carroll and Miller (12) have ah own 
that for oonccntratlona within the physiological range this absorption la Insignificant 
Tb« fact that in the experiment! reported here the unnt was collected at half-hour 
Interval i instead of being permitted to accumulate until the subjects felt a deal re to 
urinate in no way affects the amount eliminated (12) 

3 ELIMINATION O T ALCOHOL IN RELATION TO AMOUNT IN (JEST ED 
Table 1 gives the results obtained on 1 of the 2 subjects who showed no 
diuresis after drinking 12, 24 and 48 grams of alcohol The corresponding 
maximum concentrations of alcohol reached In the blood (col 3) and the times 
required for the alcohol to disappear from the blood (col, 4) arc approximately 
proportional to the amount of alcohol ingested. The per cent of alcohol 
eliminated (col. 6) varies approximately in proportion to the amount given 
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the total amount eliminated (col 5) vanes approximately as the square of 
the amount given The per cents of alcohol eliminated as found here are 
lower than those previously reported in the literature, and also elsewhere in 
this paper, for the reason that with this subject no diuresis occurred 

4 THE DIURESIS FROM ALCOHOL 

Mendel and Hilditch (17) in 1910, on the basis of experiments earned out 
on 2 men given alcohol, concluded that alcohol did not cause diuresis and that 
the diuresis frequently observed after dnnking alcoholic beverages was due 
to ingredients other than alcohol Their conclusions have been extensively 
quoted (18) in spite of the fact that numerous investigators (8, 20, 21, 22) 
since that time, most recently Bruger, Locahno and Guthne (22), have shown 
that alcohol alone may cause diuresis, not only in normal human subjects, 
but also m those with renal disease We find, however, that there is a marked 
individual difference in the extent of the diuresis, and that for some men 
diuresis occurs only after large amounts of alcohol This fact offers a possible 
explanation for the failure of Mendel and Hilditch to obtain a diuresis when 
using only 2 subjects 

Table 2 gives the results obtained from 84 experiments on 12 subjects given 
12, 24, 48 and 04 grams of alcohol 

After 12 grams of alcohol, 9 of the 12 subjects showed a definite diuresis 
ranging from 31 to 120 cc , after 24 and 48 grams of alcohol, 10 out of the 12 
subjects gave a diuresis ranging from 48 to 219 cc for the smaller dose and 
from 121 to 542 for the larger After 64 grams all subjects showed diuresis 
ranging from 136 to 727 cc 

The extent of diuresis for any subject had a general, but not invariable, 
relation to the normal rate of urinary secretion (col 2), those subjects who 
had the highest normal rates usually had also the greatest diuresis In 
general, the diuresis increased with the amount of alcohol given, but here 
also there were exceptions Thus subject 4 had no greater diuresis with 64 
grams of alcohol than with 24 Although there were wide variations between 
the diuresis in different subjects, the diuresis of individual subjects was quite 
constant for repeated experiments 

The fact that alcohol causes diuresis does not remove the possibility tliat 
the essential oils and other ingredients of alcoholic beverages may also cause 
diuresis It is w idely held that gin, because of its content of oil of jumper 
berries, has a particularly marked diuretic action (24) There arc also differ- 
ences in the rate of absorption of the alcohol from different beverages with 
corresponding differences in the maximum concentration of alcohol reached 
in the blood (24) 

The comparative diuresis caused by alcohol, gin, whisky, port, and sherry 
wines, was determined on 4 subjects (1, 3, 5 and 6 of table 2) For each 
beverage the total alcohol given was 24 grams, the volume as needed was 
brought to 180 cc with water With alcohol the average diuresis for the 4 
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subjects was 121 cc with American gin 85 cc. , Holland gin 109 cc , whisky, 
116 cc sherry wine 62 cc. and port wine 53 co 'Sono of the bo>erages gave 
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yield only about 6 grams of alcohol Therefore, 720 cc containing 24 grams 
of alcohol were given and the rate of secretion of unne compared with that 
after the same amount of water In 2 experiments on subject 4, the amounts 
of unne secreted dunng 5 hours after water were 560 and 579 cc , and after 
beer, 689 and 721 cc The corresponding values for subject 5 were 692 and 
765 cc and 853 and 951 cc It would appear that, aside from its bulk of 
water, beer caused no greater diuresis than would be expected from the content 
of alcohol (25) 

When alcohol is taken with only small amounts of water, as in most of the 
expenments given here, the rate of unnary secretion following the diuresis 
falls below that which existed before the alcohol was taken In the expen- 
ment presented in figure 1 the average rate of secretion from the 3d to the 9th 
hour after water only was taken was 29 5 cc per hour, for the same penod 
after alcohol was taken the secretion was 22 2 cc per hour In other expen- 
ments the decrease was more marked A similar decrease is seen in values 
given by Miles (8) and by Murray (27) from expenments in which the alcohol 
was given in 100 and 300 cc of fluid In the expenments of Miles in which 
the alcohol was given in 1,000 cc of fluid, and here after 720 cc of beer, the 
decrease below the preliminary level did not occur 

5 THE INFLUENCE OF DIURESIS ON THE ELIMINATION OF ALCOHOL 

The amount of unne secreted, as Haggard and Greenberg (12) have pre- 
viously showm, and as is further demonstrated here (table 2), is a controlling 
factor m the elimination of alcohol Thus after 48 grams of alcohol, subject 
1 had, dunng 1 1 hours, a total secretion of 433 cc which contained 0 362 
grams of alcohol (0 78 per cent of that ingested), under the same conditions, 
subject 6 had a total secretion of 1464 cc containing 1 760 grams of alcohol 
(3 84 per cent of that ingested) The amounts of alcohol eliminated by these 
two subjects are not, as would be expected from equation 1, proportional to 
the amounts of unne, instead, for unit volumes of unne the amounts of alcohol 
eliminated are in the relation of 1 1 2 The concentrations in the blood were 
nearly identical in these two expenments The disproportion m the amounts 
eliminated results from the fact that the diuresis from alcohol occurs dunng 
the time when the concentration of alcohol m the blood is at or near its maxi- 
mum, the concentration of alcohol in the unne is therefore highest at the time 
when the greatest amount is secreted In consequence the major portion 
of the alcohol e limina ted appears in the unne within less than half the time 
the alcohol remains in the blood, this fact has been previously observed (8) 
The relations involved are illustrated m figure 1 which gives the full data for 
the expenments m which subject 4 was given 64 grams of alcohol 

6 THE CONCENTRATION OF ALCOHOL IN THE BLOOD IN RELATION TO DIURESIS 

The diuresis from alcohol commences within a half-hour after the alcohol 
is ingested and contmues as long as the concentration m the blood is rising 
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Unless complicated bj diuresis from largo amounts of water taken with tbo 
alcohol, the diu reels from alcohol subsides rapidlj after the maximum con 
centra tion of alcohol in the blood is reached (eec Fig 1) Tho diuresis does 
not depend alone upon the presence of alcohol m the blood a high concentra 
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tion which is not rising may exist in the blood without exciting diuresis- 
Thus in the experiments presented as figure 1 the concentration of alcohol 
m the blood following the completion of diuresis was much higher than the 
maximum concentration reached in other experiments (table 2) m which 
smaller amounts of alcohol were given and were followed b> diuresis Al 
though the diuresis ceases when the concentration passes its maximum and 
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starts to decline, it can again be excited if more alcohol is given with further 
rise in the concentration as was demonstrated by the following experiment 
Subject 5 took 24 grams of alcohol in a total of 90 cc of fluid The rate of 
urinary secretion preceding the ingestion of the alcohol was 33 cc per hour, 
during the 1$ hours after the alcohol was taken, there was a diuresis of 247 cc , 
and during the next 1^ hours the rate of secretion fell to 24 cc per hour The 
same amount of alcohol was then taken in a total of 90 cc of fluid \ second 
diuresis of 163 cc occurred in the following hours 

Murray (21) has concluded that the diuresis from alcohol results from the 
depression of the pituitary antidiuretic element as in water diuresis The 
fact that the diuresis occurs only during the time that alcohol is present in 
the alimentary tract and is being actively absorbed, 1 e , rising concentration 
m the blood, suggests the possibility that the action may be exercised through 
reflexes from this tract Tlus possibility, however, was disproved by an 
experiment in which alcohol was administered intravenously Twenty-four 
grams of alcohol, diluted to 180 cc with water, were first given by stomach, 
the resulting diuresis was 387 cc Two days later the same amount of alcohol, 
dduted to 180 cc with saline, was injected intravenously at a uniform rate 
during 30 minutes, the resulting diuresis was 337 cc No diuresis developed 
when 2 davs later 180 cc of saline without alcohol were similarly injected 

CONCLUSIONS 

1 At a uniform rate of urinary secretion, the amount of alcohol eliminated 
in the unne vanes approximately as the square of the amount ingested, the 
per cent eliminated vanes directly with the amount ingested 

2 The greatest vanation in the amount eliminated results from the diuresis 
caused by alcohol 

3 There are wide individual differences in the extent of diuresis from 
alcohol 

4 Ingredients of alcoholic 1 leverages other than alcohol do not contnbute 
to the diuresis 

5 Diuresis occurs onlj when the concentration of alcohol in the blood is 
nsmg It does not result from the mere presence of alcohol in the blood and 
does not occur when the concentration is stationary or falling 
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In a study previously presented in this senes of papers (1) we have deter- 
mined the concentration of alcohol in the blood causing respiratory failure 
For normal fasted rats the average of the concentrations found was 9 31 mgra 
per cubic centimeter, the extremes, 8 9 and 10 0 mgm per cubic centimeter 
The present paper reports an extension of this study m the determination of 
the concentration m the blood causing cardiac failure 
In death from acute poisoning from alcohol cardiac failure is ordinarily 
secondary to respirator} failure The action of the heart is affected, but 
not seriously impaired, by the concentration of alcohol in the blood causing 
respiratory failure The heart continues to beat for a Bhort time after breath- 
ing has stopped, but it rapidly succumbs to anoxemia In the present study 
anoxemia was prevented by artificial respiration, the administration of al- 
cohol was continued, after spontaneous breathing had stopped, until the con- 
centration had risen sufficiently to cause cardiac failure 

Young male rata were used, they were fasted 26 hours (1) No description could bo 
found, in the literature, for an apparatus for maintaining prolonged artificial respira- 
tion in this animal The apparatus, shown in detail in figure 1, was developed for this 
purpose Although no new principle is involved, considerable experimentation was 
necessary m the adaptation of the apparatus to the small animal 

In determining the concentration of alcohol causing cardiac failure it is imperative 
that the volume of lung \ entilation be adjusted precisely to the needs of the animal 
The anoxemia from insufficient ventilation, and tho acapnia from excessive ventilation, 
both cause premature failure Tho necessary adjustment was made before respiratory 
failure had occurred When the animal was fully unconscious from alcohol, but still 
breathing the trachea was exposed and slit for insertion of the cannula This cannula 
fitted snugly into the trachea, but was not tied in place Artificial respiration was 
earned out for 3 minutes, after winch the cannula was removed and the breathing of 
the animal observed If apnea occurred, the pressure of tho air or tho speed of the 
motor, or both were reduced slightly and if no apnea occurred, they were increased 
After a suitable interval, artificial respiration was again earned out for 3 minutes and 
the subsequent breathing observed These procedures were repeated until the ven 
tilation was finally adjusted to a volume slightly less than that which produced npnea 
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If correctly adjusted no apnea d oral oped after artificial re* pi rati on had been applied 
for IB minute* and likewise daring this period no attempt waa made by the animal 
to breathe out of rhythm with the artificial respiration The cannula waa then remored, 
bat the apparatus kept In operation ao that artificial respiration could be started when 
respiratory failure from the alcohol waa Imminent 

Up to the time of respiratory failure the alcohol wns administered at the alow rate 
which we have employed in determining the concentration at respiratory failure 0) 
thereafter the rate waa increaaed from 0 125 mgm per gram of body weight each 5 
minutes to 0.23 mjm In determining tha concentration causing eardlae failure it is 



Pi a I Arpjuurus ro* Artificial Rxaruuno'f in Eats 

Flow of air la regulated by needle valves A and B Rotor of rotating coek D is 1 cm 
In diameter la ground Into stationary barrel and is lubricated with film of petrolatum 
Speed of rotation regulated to give sO to 40 respiration a per minute Pressure aa read 
from maaomster D fi to 10 cm. of water daring lniplration 0 daring erplradon 

not necessary to employ the extremely alow rats essential in determining tha con centra 
tion causing respiratory failure Itis necessary only that there shall be a steadily rising 
concentration of aloohol In the blood with no wide fluctuation* Respiratory failure 
from aleohol results from the action of the aleobol on the respiratory center the con 
centratlon of aleobol In the center can be inferred from that In the arterial blood only 
when the concentration in the venous blood leaving the brain corresponds closely to 
that In the arterial blood (1) This correspondence can be maintained only by a very 
slow rate of administration On the contrary the lethal motion of aleobol on the heart 
appears to be exercised directly upon the heart muscle Thii fact has been shown by 
experiment* on the perfused heart (2-8) It is supported here by two additional ob- 
servation* 

In three experiment* it was found that catting the vagi did not alter th# concentration 
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of alcohol causing cardiac failure Further, in numerous experiments in which alcohol, 
in a concentration of 60 per cent by volume, was administered rapidly into the jugular 
vein, we have been able to produce primary cardiac failure with respiration continuing 
for 20 to 30 seconds as after ventricular fibrillation from electno shock Under these 
unusual conditions the concentrations found m the blood in the heart equaled or ex- 
ceeded those reported here as causing cardiac failure, but the concentrations obtained 
from the remaining jugular vein, expressing the concentrations effective in the brain, 
were lower than those causing respiratory failure In these experiments, the heart 
was affected directly and immediately by the high concentration of alcohol in the blood 
reaching it, it ceased beating before sufficient alcohol had been circulated to the brain 
to build up a high concentration there We have previously reported similar experi- 
ments (1), as have other investigators (9) 

When, under slow administration of alcohol as employed here, the concen- 
tration in the blood approaches that causing respiratory failure, a moderate 
bradycardia develops After breathing fails, if artificial respiration is not 


TABLE 1 


Concentration of alcohol tn heart blood at cardiac failure 
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started the further alterations m cardiac function are entirely those from 
anoxemia There is partial, and usually complete, block with failure often 
m ventricular fibrillation When, as here, artificial respiration is instituted as 
spontaneous breathing fails, the heart contmues to beat with apparently 
normal action, as judged by the heart sounds, until the concentration has risen 
nearly 30 per cent higher than that causing respiratory failure The toxic 
action of the alcohol on the myocardium then becomes clearly evident When 
the chest is opened and the heart observed, the ventricles appear relaxed and 
the contractions weak (4, 5, 8) Auricular contractions continue, but au- 
nculo-ventncular conduction is impaired and partial block develops The 
ventricular beat becomes irregular and then stops in diastole with marked 
dilatation 

Table 1 gives the concentration of alcohol found m the blood for 24 experi- 
ments The average concentration is 12 6 mgm per cubic centimeter, the 
extremes, 12 0 and 13 2 mgm per cubic centimeter 

The considerable difference between the concentrations of alcohol causing 
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respiratory failure find cardiac failure suggest* the possibility of resuscitation 
In acute poisoning from alcohol with respiratory failure In three experi- 
ments alcohol was given until respiratory failure occurred, the administration 
was then stopped and artificial respiration started immediately It was 
continued for one hour, at this time the concentration in the blood had fallen 
below that causing respiratory' failure. On stopping artificial respiration 
spontaneous breathing occurred in all three animals it persisted in two but 
failed In one, even after a second penod of artificial respiration. 

CONCLUSIONS 

1 Cardiac failure in acute poisoning from alcohol results from anoxemia 
following respiratory failure 

2 The heart is not senouslj injured by the concentration of alcohol which 
causes respiratory failure. 

3 For rats in which ano xemia was prevented by artificial respiration the 
concentration of alcohol in the blood causing cardiac failure was found to 
average 12.0 mgm. por cubic centimeter with extremes of 12 0 and 13.2 mgm. 
per cubic centimeter 

4 The main toxic action of the alcohol is exercised upon the myocardium. 

5 Following acute poisoning from alcohol cardiac failure can be pre- 
vented by employing artificial respiration and spontaneous breathing may 
bo restored. 
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It has been known for a long time that emetine may adv ersely affect the 
circulatory system Although fall of blood pressure, cardiac dilatation, and 
profound morphological changes m the myocardium have been observed 
repeatedly, knowledge of the electrocardiographic alterations in emetine 
poisoning is very limited Only a few incomplete and, to some extent, con- 
tradictory studies on this subject have been published The experiments 
reported in this communication were designed to examine the electrocardio- 
graphic aspects of acute emetine intoxication 

The oxpenments were performed on 33 dogs and 4 cats The animals were anesthe- 
tued by the xntrapentoneal injection of nembutal (0 05 grams per kilogram body weight) 
In all experiments the sternum was removed and the pericardium opened in order to 
permit direct observation of the heart The electrocardiogram was recorded in the 
three conventional leads Emetine hydrochloride (Lilly) was injected into the femoral 
or jugular vein The dogs for these experiments came from the same Btock but varied 
between 5 and 9 kilograms in weight In six experiments the vagus was divided prior 
to the administration of the drug without changing the results m any respect 

Statements concerning the lethal dose of emetine hydrochloride after a single intra- 
venous injection vary considerably even when based upon expeneDco with the same 
species of animal Although some investigators (1, 12, 14) report 4 to 18 milligrams per 
kilogram body weight as lethal under these conditions, others (18) find 40 to 80 milli- 
grams per kilogram necessary In our experiments 37 milligrams per kilogram (I grain) 
was the largest amount from which animals regularly recovered after intravenous in- 
jection Greater amounts frequently caused cardiac death in a few minutes 

RESULTS 

(a) Disturbances of intraventricular conduction 

The earliest and most striking alteration of the electrocardiogram after the 
injection of emetme hydrochloride consists of a widening of the initial com- 
plex This occurs as early as 20 to 30 seconds after the injection and is not 
accompanied by a decided prolongation of atnov entncular conduction time, 
by an unusual change of rate, or by marked alteration of the T-wave 

1 Aided by a grant from the Committee on Therapeutic Research of the Council on 
Pharmacy and Chemistry of the American Medical Association 
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The result of a typical experiment may be described briefly, the tracing is 
reproduced m figure 1 After the division of both vagi there was a sinus 
tachycardia with a rate of 222 (left upper tracing) Twenty-two seconds 
after the injection of 37 mgm of emetine hydrochloride into the jugular v ein 
the S-wave became deeper and the initial deflection slightly -wider (nght upper 
tracing) The rate fell to 200 Ad electrocardiogram recorded four seconds 
later (lower tracing) shows the initial deflection rapid]} increasing in width 
to 0 16 second The S-wave is almost exclusively responsible for the greater 
width of the initial deflection The T-waves are unaffected, the rate has 
fallen to 157 and the conduction time, which was 0 09 second before the 
injection, becomes Oil second after it 

If no disturbance of rhythm developed the bradycardia increased for 
about 90 seconds while the width of the initial complex remained fixed The 
disturbance of intraventricular conduction and bradycardia gradually dis- 
appeared so that ultimately, after 45 minutes at the most, the electrocardio- 
gram resumed the same appearance as prior to the injection 
The changes just described were obtained in all experiments The R-wave, 
ordinarily small in Lead I, became broader and it u'as t} pical for a deep S-w ave 
to appear and rapidly to increase in width in Leads II and III The T-wave 
remained unchanged oi became positive if, as is often the case m dogs, it was 
previously negative 

These findings are demonstrated by the reproduction of tracings (fig 2) 
from a dog weighing 9 kgm The three standard leads are normal before the 
injection (fig 2a) One minute after the injection of 37 mgm of emetine 
hydrochloride (fig 2b) the width of the initial deflection has increased from 
0 05 second to 0 12 second and a deeper S-wave has appeared, in this experi- 
ment the R-wave in Leads II and III also exhibited widening although this 
was not the rule The heart rate fell from 145 to 122 and the aunculo-ven- 
tncular conduction time was prolonged from 0 11 to 0 13 second The 
T-wave has become higher Tweh e minutes later (fig 2c) the alterations 
have begun to recede The rate is increased to 132, the S-vavc is shorter, 
and the initial complex is only 0 09 second in width Twenty-seven minutes 
after the original injection of emetine the electrocardiogram is normal (fig 2d) 
The second intravenous injection of an equal amount of emetine hjdro- 
chlonde produced similar alterations although they were more distinct (fig 
2e) , the rate fell to 100, the initial complex became 0 16 second in width 
One minute later (fig 2f) the initial complex became wider (0 20 second) 
and auricular extrasystoles appeared The P-wave of the auricular extra- 
s} stole is superimposed on the T-wave of the preceding beat The alterations 
also receded after this injection so that an electrocardiogram, practical!} 
normal m configuration, was recorded twenty-five minutes after the second 
injection (fig 2g) 

In this experiment a third intravenous injection of 37 mgm of emetine 
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hydrochloride was given Grouped auricular extrasystoles and widening of 
the initial complex appeared as in the two preceding injections a few minutes 



Fio 2 2a ahowa tho electrocardiogram before and fie 2b immediately after 

the Injection of S7 mum of emetine fig« 2c and 2d wore taken 12 and 27 minute* later 
respectively fij 2e wu obtained after a accond Injection of emetine which produced 
•xtnuratole* in one minute (2f) flu '’s ahoa a the electrocardiogram 25 minute* after the 
aeccma Injection 

later marked bradjeardia followed b) diastolic standstill of the heart were 
observed 

In this experiment na in all others tho second or third injection of equal 
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amounts of emetine hydrochloride had much more pronounced effects than 
the first, despite the complete disappearance of the alterations of the electro- 
cardiogram evoked by the preceding injections The third injection usually 
caused cardiac standstill 'Whenever the initial complex exceeded 0 20 second 
m width, recovery did not occur 

(b) Alterations of cardiac rhythm 

Auricular extrasystoles were common (fig 2) and, at times, Here sudden!} 
converted into paroxysmal auricular tachycardias When this happened 
confusing pictures occasionally del eloped since a disturbance of intraventricu- 
lar conduction might co-exist 

Figure 3 shows the electrocardiogram of a dog neighing 6 6 kgm , it was 
normal before the injection of emetine (first electrocardiogram in upper senes 



Fio 3 Doe, lead III The first upper tracing at the right shoag the electrocardio- 
gram before, the second after the injection of 37 mgm of emetine The third and fourth 
tracings were taken after 10 and 20 minutes respectively andshou recovery The lower 
tracing reproduces a tachycardia with a disturbance (alternans) of the intravontncular 
conduction after repetition of an equal amount of the drug 

of figure 3, Lead III is shown) The P- and T-wu\es are negative and the 
initial deflections are so thin that they are almost invisible After the injec- 
tion of 37 mgm of emetine hy drochlonde (second tracing) the S-wave widens 
in a' typical manner and the P- and T-waves become positive The cardiac 
rate fell from 166 to 142, while the aunculo-ventncular conduction time in- 
creased from 0 12 to 0 16 second The other tracings in the upper series of 
figure 3, show the same lead after the lapse of ten and twenty minutes re- 
spectively Definite recovery occurred , the rate mcreased, the width of the 
initial complex decreased, and the T-vave again tends to become negative 
Repetition of the intravenous injection (37 mgm ) produces a taclncardia 
in a few seconds (fig 3, lower tracing) At first glance a ventricular tachy- 
cardia seems to be present but more careful analysis shows a constant auricular 
tachycardia with a rate of 200 The P-v\aves are hidden in the preceding 
ventricular complexes, the latter are markedly widened as the result of a 
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disturbance of intraventricular conduction Owing to the presence of a 
conduction altemons the T waxes \ar> in height In the middle of this 
tracing the picture suddenlj change* There is a decided increase of alteroa 
tlon of intraventricular conduction presumably tho result of progressive 
tone action &o that one ventricular complex with a deep S-wttve alternates 



Fio 4 Dos ^5 4a ’'U taken before 4b after the injection of 37 mgm of emetine 
hydrochloride Fig. 4c »bow* aurieultr Mtnwvatoic* and pare trim el auricular techy 
earth t one minute after tho Injection Fig +d rraa obtained 30 minute* later fig 4o 
waa recorded nfter a accond injection of equal amount* of the drug and Eg 4! ■bow* the 
atatui 45 minute* Later 


with another which w almost Isoelectric but exhibiting a \ crj high T wave. 
This type of alternating conduction was not uncommon (See fig Gal 
Another \anctj of disturbance of rh\thm is shown In figure 4 The first 
tracing (fig 4a) ahows a sinus taeb>cardia in a dog weighing G 2 kgm after 
the dnialon of the \agi and before the nd ministration of emetine hydro- 
chloride The next tracing (fig 4\>) shows the effect of an intrax enous m 



368 






EMETINE INTOXICATION 


369 


jection of 37 mgrru of the drug The widen mg of the initial complex, affecting 
the &-waves in particular b again eyident in Lead III One minute after 
the injection auricular bigeramy (fig 4c) appeared and was rapidh con 
verted Into a tachycardia. Since the shape of the \ entnculnr complex re- 
mains unchanged an auncular tachycardia presumably is present The 
alternating form of ventricular complexes b also apparent The lapse of 
thirty minutes permitted great improiement to occur (fig 4d) but reco\er\ 
was not complete Repetition of the same dose of the drug produced more 
pronounced effects. The conduction time is prolonged to 0 26 second the 
initial deflection becomes 0 20 second In width (fig 4e) and abnormal Yen 
tnculor complexes of \anform appearance become frequent Prohabh they 
represent y entnculnr extnun'stoles but auricular extrasvstolcs with abnormal 



Fia (5 Cat upper tracing ■herwe an auricular tachycardia with disturbance* of 
auriculo-ventricalar and intraventricular conduction after 87 m*tn emetine hydro- 
chloride J^owcr traclns ihowa 2 I and 4 1 aunculo-ventrleular block. 

mtrayentncular conduction cannot be cxrhidod Forty file minutes later 
recoy cry nan approximately complete (Ion wt tracings fig 4f) 

Ventncular tachycardias were lefts common than auncular tachycardias 
Although the former t\ pe appeared late in the intoxication m eomc expen 
ments complete recoyen so far as the electrocardiogram was concerned, 
was possible despite their deydopment ^ntncular tachycardia is shown 
in figures This tachycardia the rate approximating 300 per minute began 
after a second injection of 37 mgm. of emetine hyxlrochlonde a period of 22 
minutes elapsing between the ty\o Injections \ entnculnr tachycardias of 
this type frequently change into ycntnmlar fibrillation Auncular fllmlla 
tion was tocountcrcd only twice in the entire group of oxpenment* 

Ajmrt from relatively slight prolongation of nuriculo-yentrirulnr couduc 
tiou turn no otlitr disturbance of conduction lietwoen auntie and \cntncle 
occurred in dogs Howeycr complete heart block was noted m two eat 
expenments A cat weighing 4 7 hgm received 37 mgm of emetine h\dro- 
chlonde intra\enousl\ (fig 6) 8ul*«oquentl\ an minmlar tachycardia 
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with a rate of 166 appeared (upper tracing) The first auricular beat after 
the beginning of the tracing is conducted slowly and is followed by a very 
small, narrow ventricular complex The second P-wave, concealed in the 
first beat, is followed by a ventricular complex whose appearance is entirely 
different than the first, the third P-wave is blocked Then come tw'o groups 
of 4 3 block, similarly arranged and with variable aberrant ventricular com- 
plexes, at the end of the tracing there is 2 1 block in which the ventricular 
complexes present no differences in configuration Two minutes later 3 1 
and 4 1 aunculo-ventncular block interchange (lower tracing) Shortly 
thereafter aunculo-ventncular conduction as well as ventncular automatism 
fail completely while the auncles continued to beat regularly for some time 

Inspection of the heart dunng the action of the drug reveals marked cardiac 
dilatation affecting the nght ventncle m particular This observation has 
also been made by Chopra The amount of dilatation roughly parallels the 
extent of widening of the ventncular complex and both changes gradually 
and simultaneously vanish 

When acutely lethal doses of emetine are employed ventncular fibrillation 
develops in only 60 per cent of the expenments , in 40 per cent the automatism 
of the ventncle became progressively slower and finally failed with diastolic 
standstill of the heart Although automatism could be easily restored by the 
intracardiac injection of epinephrine, it rarely persisted 

DISCUSSION 

These expenments yielded uniform results The most obvious alterations 
after the injection of sub-lethal doses consisted of considerable widening of 
the ventncular complex accompanied by very definite cardiac dilatation 
Prolongation of aunculo-ventncular conduction time like slowing of the rate 
occurred but were moderate The T- waves in Leads II and III became 
positive if they were previously negative or remained positive if they onginnlly 
had this form Since it was typical for the initial deflection to be directed 
downward m these leads, one may say, in general, that after emetine hydro- 
chlonde the T-waves tend to assume a reciprocal relation to the initial de- 
flection 

Auncular extrasystoles and auncular tachycardias were common arrlpth- 
mias m acute emetine intoxication Auncular fibnllation was rare, while 
ventncular extrasystoles and ventncular tachvcardias were encountered, for 
the most part they were terminal and preceded v entncular fibnllation 

These observations are not m agreement with the results obtained by some 
investigators who found a predominance of ventricular tachvcardias and 
the frequent appearance of auncular fibrillation (3, 6) Some of the dis- 
crepancy disappears, however, when it is realized that the tracings which 
Bearman and Leake interpret as ventncular tachvcardias represent auncular 
tachycardias with the disturbances of intraventricular conduction desenbed 
above Chopra and Sen depict a tracing from a patient w ith emetine poison- 
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mg, it shows a definite depression of the S~T segment rather than tho electro- 
cardiographic findings wc encountered m these experiments Howrner no 
evidence was submitted to pro\ e that the electrocardiographic alterations 
of that patient were the result of emetine therapy Tho appearance of dis- 
turbances of conduction in the intact heart after large doses of emetine was 
noted b} Epstein. 

Since emetino maj be regarded as a general protoplasmic poison the widen 
ing of the initial complex is comprehensible as an expression of an injun 
of the specific tissue of the heart and a disturbance of tho intraventricular 
spread of excitation Histological changes which pro\ e the occurrence of 
myocardial damage ha\c been repeatedlj reported in man as well as animals 
after emetine poisoning (1, 6 IS) No crthelesa It u striking that the electro- 
cardiograms obtained from animals who have been subjected to chronic in- 
toxications show very slight changes despite decided alteration of the his- 
tological picture (13) 

The rapkl recession of tho disturbances demonstrable by the electrocardio- 
graph simultaneous diminution of the cardiac ddatation, and tho return of 
the strength of contraction, supplements older observations and makes them 
comprehensible Even in tho earl} studies of the effect of emetino on tho 
heart (9 17) the transient character of the fall of blood pressure after small 
doses of emetine (0 01 gram) was noted When this amount was repeated 
at short intervals death did not result a single injection of 0 02 gram of eme- 
tine, on the other hand produced immediate cardiac standstill with an abrupt 
fall of blood pressure. When dilute solutions were slowly injected the 
tolerated dose was much larger than with rapid injection of concentrated solu 
tions (14) These re port b and the experiments alread} described might 
suggest that emetine disappears rapidl} from the blood or is rendered in- 
nocuous However such conclusions ore at odds with the well known cu 
mulatne action of emetme first described In Dale likewise it is evident 
from the experiments reported that a second or third inject km pro\okes pro- 
gresmid} greater effects even when recover} of the electrocardiogram from 
the first injection seems complete. 

Although no unequhocal report of an immediate fatality following the 
intravenous injection of emetino in man can be found nevertheless the ex 
penmenta reported in this paper suggest that care should be exercised when 
large doses of emetine arc gnen intrai cnousl} to man (2 13) Since the 
alterations which follow intra\ enous injection of the drug rapidl} disappear 
there is reason for believing that these changes would not dc\ elop if an equal 
amount of emetine h} drochlorido subcutancousl} administrated 

CONCLUSIONS 

The alterations of the electrocardiogram after the tntra\ enous adminlstra 
tion of emetme hydrochloride were studied in dogs and cats. 

Disturbance of intnu cntncular conduction is the most common change 
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observed under these circumstances Bradycardia and prolongation of 
atno\ entncular conduction time develop regularh but thev are not pro- 
nounced 

If the intravenous dose does not exceed 37 mgm ,in dogs weighing 5 to 9 
kgm the electrocardiographic alterations gradualh disappear within 45 
minutes Cardiac dilatation, especiallj involving the nght ventncle, the 
development of w hich is simultaneous w ith the v entncular conduction dis- 
turbances, also v amshes w ithm the same penod 

The action of emetme is cumulativ e since much more pronounced effects 
result from the second or third injection of an equal amount of the drug 
although the normal electrocardiogram had been restored 

The most common anhv thmias to develop are auncular extrasystoles and 
auncular tachycardias Alternation of the v entncular complexes is fre- 
quentlv observ ed dunng the tachycardia Adv anced stages of intoxication 
are required for the production of v entncular extrasvstoles Heart block 
with dropped beats was encountered onlv in cats 
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EFFECTS OF MORPHINE AND ITS DERIVATIVES ON 
INTERMEDIARY METABOLISM 1 

I THE INFLUENCE OF MORPHINE CODEINE AND THEBAPTE 
ON THE ACTIVm OF SEVERAL DEHYDROGENASES 
AND ON THE RESPIRATION OF RAT CEREBRUM 
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Received for Publication Norembcr 18 1940 

The ph arms col ogi caI actions of morphine and its derivatives have not been 
established on a biochemical basis. Numerous problems concerning the 
actions of these drugs, espedallj those related to chronic administration, 
would bo nearer solution if such a basis could be established Relatively 
little attention has been devoted either to the effects of morphine and its 
derivatives on the oxidation of various substrates by isolated animal tissues 
or to its action on the oxidative enzymes, although numerous investigations 
have indicated that oxidative processes may be affected either directly or 
indirectly by the action of these drugs (1) According to Quastcl and Wheat- 
ley (2) the extra oxygen uptake of rat brain mince in the presence of glucose 
and of lactic pyruvic and glutamic acids, la inhibited 30 per cent by 0 12 
per cent morphine whereas no change occurs with the addition of succinic 
acid. Gross and Pierce (3) report a reduction m tbc oxygen uptake of rat 
brain mince in the presonco of glucose when 0 12 per cent morphine was 
added but TVortis (4) could show no effect with either 0,008 or 0 032 per 
cent morphine Keener (6) has studied in vitro the effect of morphine on a 
senes of enzymes including tyrosinase urease reductase lccithmase phos- 
phatase and scrum lipase. Urease phosphatase and scrum lipase activities 
were reduced by various concentrations of morphine whereas the activity 
of reductase from frog muscle was Increased. Tyrosinase and lccithmase 
activity was cither increased or decreased depending upon the concentration 
of morphine used. Recscr (6) also demonstrated an increased blood level 
of methyl guantdino following the administration of a single small dose of 
morphine this he attributed to an accelerating effect of morphine on led 
thinaw. Only two of the enzymes studied by Keener are of a respiratory 
nature viz tyrosinase and reductase and of these only tyrosinase is specific 

'Supported by the Wltcontin Alumni Research Foundation 

Tbc work presented in thU paper it correlated with tbc program of the Committee on 
Drug Addiction of the National Research Council and allied agencies. 
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observed under these circumstances Bradycardia and prolongation of 
atrioventricular conduction time develop regularh but thev are not pro- 
nounced 

If the intra\ enous dose does not exceed 37 mgm /in dogs weighing 5 to 9 
Lgm the electrocardiographic alterations gradualh disappear within 45 
minutes Cardiac dilatation, especially in\ oh ing the right \ entncle, the 
development of vhich is simultaneous with the ventricular conduction dis- 
turbances, also vanishes within the same period 

The action of emetine is cumulative since much more pronounced effects 
result from the second oi third injection of an equal amount of the drug 
although the normal electrocardiogram had been restored 
The most common anhvthmias to de\ clop are auricular extrasystoles and 
auricular tachycardias Alternation of the ventricular complexes is fre- 
quently observed during the tachycardia Adtanced stages of intoxication 
are required for the production of \ entncular extrasvstoles Heart block 
with dropped beats v, as encountered onh in cats 
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cortex to determine whether or not the effect* observed with the minced and the washed 
homogenlwd preparations were demomitrable with this tjrpe of surviving tissue 

RerxdU 

The data in figure 1 represent the average oxygen uptake {Uo, at two hours) 
of duplicate determinations made on various preparations of rat cerebrum 


cuu Qa UPTAKE CCS UC DSY WtICHT 



Reeding to left of sero line, unshaded bars represent the noeubstrste values the 
•haded bars no-substrate oxidation In presence of 0 12 per cent morphine To the 
right or sero line unshaded bars represent the extra oxygen uptake resulting from ad 
ditlon of subatrate shown on left and shaded hars the substrate oxidation with added 
morphine 

with and without added substrate and morphine The results presented 
for each substrato represent a characteristic experiment Since It was neces- 
sary for technical reasons to perform numerous experiments to determine tins 
effects of morphine on tho otjgcn uptake of a giten preparation in the pres- 
ence of several substrates the values for the no-substrato ov\ gen uptake vary 
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quite widely from one experiment to the next Each experiment involved 
the determination in duplicate of (a) the no-substrate oxygen uptake of the 
brain preparation (unshaded bar to left of zero line), (6) the effect of morphine 
(0 12 per cent) on the no-substrate oxygen uptake (crosshatched bars to 
left of zero line), (c) extra oxygen uptake resulting when substrate supple- 
ment was added (unshaded bars to right of zero line), and (d) extra oxygen 
uptake in the presence of added substrate and 0 12 per cent morphine (shaded 
bars to right of zero hnc) 

Reference to the data on the left of the zero line indicates that morphine 
has no characteristic effect on the no-substrate oxygen uptake of rat cerebrum 
irrespective of the type of preparation used In the twenty-four experi- 
ments presented, a slight inhibition w as observed nineteen times, whereas in 
five experiments the oxygen uptake was increased Most of these changes 
are within the range of experimental erroi 

Experiments with minced cerebrum Glucose, lactate, pyruvate, succinate, 
and a-ketoglutarate produce an appreciable increase in oxygen uptake when 
added to minced cerebrum Only a slight increase in oxygen uptake is noted 
when fumaratc and malatc are added whereas no increase results from the 
addition of citrate 

Morphine inhibits the increase m oxygen uptake due to the addition of 
lactate by approximately 40 per cent A slight reduction in the extra oxygen 
uptake in the presence of pyruvate and a-ketoglutarate is produced by mor- 
phine but this is of questionable significance Morphine has no effect on 
the oxygen uptake of brain mince in the presence of added glucose, fumaratc, 
malate or succinate 

Experiments with washed, homogenized cerebrum The results obtained with 
washed, homogenized cerebrum when glucose, lactate, pyruvate, succinate, 
fumarate, malatc, and citrate are added are essentially similar to those 
obtained with the minced tissue The oxygen uptake of the homogenized 
preparation in the presence of added a-ketoglutarate is much reduced when 
compared with the minced and particularly the sliced tissue Evidently 
homogenizing and washing, and oven mincing to a lesser extent, remove some 
components necessary for the optimum oxidation of this substrate 

The extra oxygen uptake of washed, homogenized rat cerebrum produced 
by the addition of lactate or pyruvate is reduced about 20 per cent by mor- 
phine In contrast with the effects in minced tissue, morphine reduces the 
extra oxygen uptake due to added glucose about 20 per cent No significant 
morphine effect is observed with the other substrates used 

Experiments with cerebral cortex slices The increase in the oxygen uptake 
of cortical slices resulting from the addition of glucose, lactate, pyruvate, 
a-kctoglutarato, succinate and fumaratc is much greater than that which 
occurs with either minced or washed, homogenized tissue Only a slight 
increase occurs with the addition of malate, none with citrate 
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Morphine reduce* b> 10 to 30 per cent the extra oxygen uptake of sliced 
cortex in tho presence of lactate pyruvate and a-ketoglutaratc whereas this 
drug does not influence significant!} the extra oxjgen uptake which occurs 
with the addition of glucose succinate furaarate or malate 


n. EFFECTS OF MORPHINE CODEINE AND THEBAINE ON CERTAIN 
DEHYDROGENASES 

Procedure 

Tho activity of five different dehydrogenase* wu determined In the pretence of three 
different concentration! of morphine, codeine and thebnine Tho Thun berg technlo 
wai employed In all experiment* The Thunberg tubes were evacuated and flushed out 
with nitrogen twice, evacuated again and placed In a water bath at 33*0 until tempera 
tare equilibrium had been established before the methylene blue wm tipped in Phoa 
phmta buffer was uaed throughout A cytochrome oxidase preparation of pig heart (9) 
waa uaed aa a source of succinic and lactic dahydrogeaase* Alcohol dehydrogenase was 
prepared from pig liver (10) as were citric (11) and glucose (12) dehydrogenase* Mor 
phlne wu uaed a* the sulTat* codeine a* the phosphate and thebalno a* the hydro- 
chloride in concentration* of 0 06 0 12 and 0.34 per cent The coeniyrae I uaed in all 
of these experiment! was prepared from brewer's yeast according to the method of 
Ohlmeyer (IS) 

Most of these experiments wore performed before it was recognlwd that dehydro- 
genase* in the presence of eoensyme do not reduce methylene blue in the complete 
absence of dlaphorsse It is possible although not pro vs n, that the relatively crude 
preparation* of the eoensyme I -linked dehydrogena*e* uaed here may be deficient In this 
ensytne Since no diaphorase wns added the exact quantitative effects of the three drupe 
axe not demonstrated bv these experiments 8ince qualitative results are considered 
to serve the purpose of the present survey we have not felt justified in repeating these 
experiments at this time in order to check this point. In the experiments Involving the 
uao of a more highly purified preparation of lactic dehydrogenase (14) diaphorase I 
prepared according to Straub (15) wraa added in adequate amount* 

Remits 

Data of representative experiments are presented in figures 2, 3 and 4 
Along the ordinates are plotted the times in minutes required for 80 per cent 
decolonxation of tho methylene blue Each bar represents the average time 
required for decolonxation in duplicate tubes The unshaded bar represents 
tho average control decolonxation timo and the shaded bars tho average 
decolonxation times in tho presence of the \anoua concentrations of the drug 
used in that particular experiment Each experiment was repeated at least 
once and usually hc\ oral times with the same or with a fresh enxyme 
preparation. 

Lactic dehydrogenate Representative results of expenroents imolving the 
action of morphine codeine and thebamc on two tj pcs of lactic dehj drogenase 
preparations ore presented in figure 2. Whereas the components of the 
systems of the two experiments (/ and £ — fig 2) in which tlie source of lactic 
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dehydrogenase was a preparation of pig heart, were qualitatively similar, 
quantitative differences m the concentrations of coenzyme I accounted for 
the wide difference in control decolonzation times In experiment 1 and 
other similar experiments in which the decolonization times were short (ten 
minutes), all of the drugs used accelerated the velocity of decolonzation from 
35 to 94 per cent In experiment 2, in which the control decolonzation time 
was over three hours, the percentage acceleration was even greater than with 
the shorter decolonzation times 



Flo 2 Effects of Morphine Codeine and Thebaine on tite Activity of Two 
Different Preparations of Lactic Dehydrogenase 
A Cytochrome oxidase preparation, 1 0 cc , coenryme I (20 mgm /cc ), 1 0 cc , 
d-Nn lactate (M/10), 2 0 cc , mctbjlcne blue (0 06 per cent), 1 0 cc , phosphate buffer 
(M/60, pH 7 4), to 10 cc B Eniyme, 2 0 cc , coentymo I (40 mgm /cc ), 1 0 cc , flavo- 
protein, 1 0 cc , rfl-Na lactate (2M), 0 4 cc , HCN (2M), 1 0 cc , mothylene blue (0 01 per 
cent), 0 5 cc , water to 10 cc 

In all of the expenments presented in figure 2, d- or dl -\ actic acid served 
as the substrate In expenments not shown, but similar to expenments 1 
and 2, figure 2, except for the use of l-l actic acid to replace the natural or 
racemic forms, no change was observed m the rate of decolonzation of 
methjlene blue These latter expenments indicate that (-lactic acid is not 
oxidized b> this system, and that the increased rate of decolonzation in the 
presence of morphine, codeme and thebaine obtained in expenments 1 and 2 
is probably due, not to the dehydrogenation of these drugs, but to an effect 
by them on hydrogen transfer 
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In an attempt to relate the above result* more specifically to lactic dehy 
drogenaae other experiments with a more highly purified lactic dehydrogenase 
preparation were performed since it is known that the pig heart preparation 
contains several dehydrogenases The results of a characteristic experiment 
are shown in the last column of figure 2 Cyanide was added as a ketone 
fixative in order to inactivate the end product, pyruvate since this acid is 
known to inhibit the reaction. In the absence of cyanide no activity of the 
system was demonstrable When 0 06 per cent morphine was added to the 
active system an inhibition of activity of approximately 40 per cent occurred. 
The inhibition was complete with 0 12 and 0 24 per cent morphine 



Fio S. Erracn or Moaranre Copxiwr ajtd Thxbawx ok tm Actttttt or Qlocoii 
axd Citric Dshtdroocxasm 

CTlueo*e dchydroxcnnxe intern Enxyme (60 mm /« ) 10 to. ooeaxrme I (30 
mpn./M ) 1 0 elucoe* (M/10) 10 «. mtthylene Mae (0 026 p«r cent) 1 0 ec 
phojphste bufftr (M/50 pH 7 4) to 10 ec. 

Citric d*hydroeen**e eyitcm Enxyme, 1 0 ce eoenxyme I (20 mgmVec.) lOce, 
N* citrate (M/10) 1.0 co methylene bine (0.02 per cent) 1 0 ce phosphite buffer 
(M/10, pH 8,0) to 10 ec 

Qlucou dthydrogenoM. Morphine in all concentrations inhibits the dchy 
drogenation of glucose by an extract of pig liver (fig 3) The inhibition 
ranges from 25 to 60 per cent with concentrations of morphine from 0 06 
to 0.24 per cent. This system is not affected by cither codeine or thebaine 
In similar concentrations 

Cttrtc dthydrogenatt The dehydrogenation of citrate is Inhibited 47 to 
58 per cent with concentrations of morphine ranging from 0 00 to 0.24 per 
cent No significant inhibition of this system is produced by codeine or 
thebaine 
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Succinic and alcohol dehydrogenases The three drugs, morphine, codeine 
and thebame, in concentrations from 0 06 to 0 24 per cent, did not affect 
significantly the rate of dehydrogenation of succinic acid or alcohol by the 
dehydrogenase preparations employed (fig 4) 



Fio 4 Effects of Morphine, Codeine and Thebainh on the Activity of Succinic 
and Alcohol Dehtdbogenaseb 

Succinic dehydrogenase system Eniyme, 10 cc , Na succinate (M/10), 1 0 cc , 
methylene blue (0 06 per cent), 1 0 cc , phosphate buffer (M/00, pH 7 4), to 10 cc 
Alcohol dehydrogenase system Eniyme (80 mgm /cc ), 1 0 cc , coenxyme I (20 
mgm /cc ), 1 0 co alcohol (95 per cent), 0 1 cc , methyleno blue (0 026 per cent), 1 0 
cc , phosphate buffer (M/60, pH 7 4), to 10 cc 


COMMENT 

The observed reduction in oxygen uptake of rat cerebrum which results 
from the addition of morphine m the presence of certain added substrates 
confirms in a general way the results of Quastel and Wheatley (2) The 
significance of these results in relation to the effects of morphine on the intact 
organism remains an open question The concentrations of morphine used 
m these experiments is much higher than any v hich would be attained in the 
animal body Plant and Pierce (16) were able to recover 1 31 mgm of 
morphine per 100 grains of tissue from the central nervous system of non- 
tolerant dogs, four hours after the subcutaneous administration of 60 mgm 
per hgm , a concentration of only 0013 per cent We have purposely used 
these high concentrations of morphine in this survey for two reasons, (a) to 
allow us to compare our results with previous observations of others, and 
(b) to eliminate, if possible, certain systems from more detailed consideration 
m subsequent experiments, assuming that negative results obtained with 
high concentrations would probablv hold for smaller quantities of the drug 
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The insignificant effect of morphine in a concentration one hundred timw 
that which might be expected in neo on the no-substrate oxygen uptake 
of rat cerebrum, Inspire* tho question as to the validity of this type of approach 
to the basic problem of morphine action. It must be appreciated that the 
present results serve only as a point of departure for subsequent investiga 
tion and that the fin al unravelling of the action of morphine on on dative 
processes involves not onlj determinations of total oxygen uptake but also 
knowledge of what substrates are affected (possibly including morphine 
itself) and what proportionate part of the total oxygen consumed is utilised 
for the oxidation of each individual substrate. Encouragement to contmue 
investigations along these lines comes from the fact that a certain specificity 
of action of morphine can be demonstrated by utilizing the several dehydro- 
genase systems. We realiro that the results in some instances may be mis- 
leading and that it is impossible at present to interpret them in relation to 
the action of the drug in the body 

The marked increase m the rate of hydrogen transfer to methylene blue 
when morphine, codeine and thebame are added to tho phosphate extract 
of heart muscle used as a source of lactic dehydrogenase is of considerable 
interest The increase does not seem to be due to an accelerating effect of 
morphine on lactic dehydrogenase in view of the clear-cut inhibition which 
occurred with the more highly purified preparation. It is conceivable 
although it does not seem probable that morphine acta like cyanide to 
inactivate the pyruvate formed in this reaction thus inducing the disequi- 
librium necessary for the continued oxidation of lactate Since no hydrogen 
transfer to methylene blue occurs in this system m the presence of morphine 
when the non-oxid liable l lactic acid serves as the substrate it appears that 
morphine itself is not furnishing the H Ions necessary for the rapid transfer 
which occurs when the d or dl-lactic aad serve as substrates. This same 
line of reasoning applies to the oxidation of other preformed substrates or 
m fact to other systems which may be present, unless it is assumed that the 
mere presence of an oxidisable form of lactic nod facilitates the oxidation of 
morphine or completes some other system It seems dear that the respon- 
sible system is coenxymo I-lmhed since no acceleration of hydrogen transfer 
is produced by morphine In the same heart muscle extract to which this 
cocnxyme has not been added (succinic dehydrogenase system) 

SUMMARY 

The effects of morphine codeine and tbebaine on several dehydrogenases 
prepared from animal tissues, and on the oxygen uptake of various propara 
tions of rat cerebrum in the presence of certain added substrates have been 
determined. 

Lactic a trie and glucose dehydrogenases are inhibited b\ 0 06 0 12 and 
0 24 percent morphine Succinic and alcohol dehydrogenases ore not affected. 
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Neither codeine nor thebaine in concentrations of 0 06, 0 12 and 0 24 per 
cent has any significant effect on glucose, succinic, alcohol or citnc dehy- 
drogenases Morphine, codeine and thebaine increase the rate of reduction 
of methylene blue by a phosphate extract of heart muscle 

Morphine (0 12 per cent) has no significant effect on the no-substrate oxy- 
gen uptake of cerebral cortex slices, cerebral mince, or washed, homogenized 
cerebrum of the albino rat The oxygen uptake in the presence of added 
lactate is inhibited m all three preparations of cerebrum by 0 12 per cent 
morphine The oxygen uptake of cerebrum m the presence of added glucose, 
pyruvate and a-ketoglutarate is reduced by morphine in some preparations 
but not in others, whereas it is unaffected by morphine in the presence of 
added citrate, succinate, fumarate and malate 

The authors are indebted to Drs F J Stare and V R. Potter for sugges- 
tions and criticisms 
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Fitxhugh (1) reported recently that thiamin relieves the p reinjection imta 
biUty of rats chronically poisoned with morphine It seemed possible that 
observations dealing with the effects of morphine on the oxygen consumption 
of skeletal muscle (2) and cerebrum (3 4) in the presence of added pyruvate 
might be related to the findings of Fitxhugh in view of the established rein 
tionahipe between thiamin and pyruvate metabolism. If the Increase in 
nervous Irritability induced by chronic morphinism is specifically relieved by 
the administration of thiamin it is reasonable to expect that it would bo 
increased by a thiamin deficiency We reasoned that the most likely action 
of morphine would be to affect either the enxymo concerned with the decar 
boxylation of pyruvic add or its coenxyme cocarboxylase. If either of 
these was affected the tissues of snimals chronically poisoned with morphine 
might be expected to demonstrate an altered capacity to oxidise pyruvate 
Such might be the case if the enxyme or coenxyme were either reduced in 
quantity or inactivated in some other manner 
We therefore have made cocarboxylase assays of tissues and determinations 
of oxygen consumption of skeletal muscle from normal, thiamin -deficient, 
chronically morphinired, and thiamln-dcficient morphinlxed rats. Irritability 
studies were also conducted to determine whether a concurrently Induced 
thiamin deficiency Increases the irritability of morphinlxed animals. 

METHOD 

The an! null albino rati weighing between 100 and 200 gram were divided into 
fire groopa. 

Group l (ehronie morphine) eotnpnaed eighteen ■nlm»l« which received * modified 


‘Bap ported by the WUeonalp Alumni Reeearch Foundation 

The work praeoted In thU paper la correlated with the program of the Committee 
on Drag Addiction of the National Reaeareh Council and allied agenda. 
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Steenbock diet, adequate in all respects These animals were injected subcutaneously 
with morphine sulfate once per day, starting with a dosage of 20 mgm per kilogram and 
increasing to 200 mgm per kilogram in the course of eight weeks 

Group S (thiamin-deficient) comprised eighteen animalB which received a thiamin- 
deficient diet (5) of the following composition sucrose 62 per cent, casein 20 percent, 
Wesson salts 4 per cent, yeast 10 per cent, corn oil 4 per cent The casein and yeast were 
previously treated with sodium sulfite to destroy the thiamin present 

Group S (chrome morphine and thiamin-deficient) comprised eighteen animalB which 
received a thiamin-deficient diet and the same dosages of morphine as those in group 1 
Group 4 (chronic codeine) comprised six animals on a normal Steenbook diet which 
received 10 mgm per kilogram of codeine phosphate dally by subcutaneous injection at 
the beginning of the experiment and increasing to 40 mgm per kgm in the course of 
eight weeks 

Group 5 (chrome phenobarbital) comprised six animals on the normal Steenbock diet 
which received 46 mgm per kilogram of phenobarbital sodium per day subcutaneously 
Groups 4 and 6 were included for a comparison of the effects of a compound closely 
related to morphine, codeine, and a non-specific depressant, phenobarbital 

Six animals from each of groups 1 , 2 and 3 w ere used for irritability' determinations and 
biweekly observations were made according to the method devised by' Barlow (6), 
modified by Eddy and Himmelabach (7), and used recently by Fitihugh These studies 
were continued six weeks before the animals were sacrificed for respiration studies 
When it was apparent that not all of the thiamin-deficient animals would survive thiB 
length of time, some were sacrificed earlier The animals were killed by decapitation, 
the muscle from tho hind logs was removed and minced with a Latapie mincer, and res- 
piration studies were made using the Warburg technic Approximately 200 mgm of 
tissue were placed in each flask containing 2 cc of a Ringer-M/60 phosphate solution of 
pH 7 4 and 0 002 M sodium succinate (8) When present, the final concentration of 
pyruvate was 0 02 M and of morphine 0 12 per cent In those flasks containing cocar- 
boxy la se, thiamin was also present The added amount of each of these substances 
was 10 micrograms The experiments wore conducted at 38°C and readings were made 
every fifteen minutes Oxygen uptake is expressed as cubic millimeters per milligram 
dry weight of tissue 

The remaining survivors in groups 1, 2 and 3, and all animals in groups 4 and 6, were 
used for cocarboxylase assay Quantitative estimation of cocarboxylase in brain, 
liver and muscle was made according to the assay method of Lipschitz, Potter and 
Elvehjem (9) 

RESULTS 

General observations 

Irritability Determinations of irritability were made at the beginning of 
the experiment and at the end of two, four and six weeks The determina- 
tions on the animals receiving morphine were earned out eighteen to twenty- 
four hours after the last injection In figure 1, the average struggles per 
minute are plotted against tune The values arc the mean for each group 
The decrease in lrntability in thiamin-deficient animals is marked when 
determined by this method The decrease is apparent even from direct 
observations of general behavior We were unable to detect any increase in 
the pre-mjectnon lmtabihty of chronically morphimzed rats receiving an 
adequate diet during eight weeks of poisomng, m fact, the curve shown in 
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figure 1 indicates a decrease in irritability -which is not in harmony with the 
findings of FItxhugh. 

The method likewise failed to reveal any quantitative difference m imta 
bQlty between the thia mm -deficiont group and thlamin-dofiaent animals also 
receiving: morphine although the lmtabilrty was reduced below the original 
level m both instances. It is difficult to accept the conclusion that the gen 
oral irritability waa the same m theee two latter groups in view of the fact 
that foot-gnawing was observed in 76 per cent of the thiamin-deficient animals 



Fia 1 Qrotjp Media* Respohsei (Strtkkjljbs per Mikcte) or Thiamiw Dtrcnwr 
Rat* axd or Adxquathlt Fed axd Thiamik DrnciEirr Ratb duriko the Dailt 
Ad mm strati ox op A»cbxdixq Do*ea or Morphibe Suuatb 

which received morphine This was noted within ten days after the initiation 
of the experiment and was so scicrc that in some cases the front foot were 
actually eaten away This behavior was not observed in a singio thiamin- 
deficient animal which did not receive morphine. It waa noted to a lesser 
degree however in a single animal receiving morphine which was on a nor 
mal diet 

Waghl Morphimzed rats on nn adequate diet exhibited a lag in weight 
gam the first week, followed thereafter by a progressive gain in weight which 
was less than normal Codoine and phcnobarbital did not significnntlj 
affect the weight curves \ gain m weight was olwcrvcd in all of the thiamin 
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deficient animals during the first week but thereafter the loss in weight was 
marked until death or sacrifice, when the actual weight was 60 to 75 per cent 
of the original Chrome administration of morphine did not significantly 
modify the weight curve of thiamin-deficient animals 

Length, of life All animals receiving a normal diet lived the entire length 
of the experiment Four of the eighteen animals on the thiamin-deficient 
diet died thirty to thirty-five days after the begi nnin g of the expenment 
The other animals in this group were sacrificed m not less than thirty-one 
days In the group of animals on a thiamin-deficient diet and also chronically 
poisoned with morphine, nine died between twenty-four and twenty-nine 
days after the beginning of the expenment The remaining animals were 
killed after the twenty-ninth day 


TABLE 1 


Mean values for no~substrate Qo, and mean percentage increases tn oxygen uptake produced 
by the addition of various supplements to minced skeletal muscle from normal, chronically 
morphimzed, thiamin deficient, and chronically morphmued-lhiamin deficient rats 




UXA1T mctHTAOE nrC*EAUE IN OXTOEJT UPTAKE 
TE* UILLIQBAM DRY WEIGHT 



Morphine 

[Pyruvate 

Pyruvate 

morphine 

Pyruvate 
cocar box 
ylaae 

Pyruvate 

morphine 

eocarbcx 

yltae 

Normal 

1 42 

27 

76 

152 

103 

122 

Group 1 chrome morphine 

2 07 

25 

30 

39 

32 

61 

Group 2 thiamin deficient 

1 45 

21 

18 

19 

24 

26 

Group 3 chronic morphine thiamin 
deficient 

1 79 

18 

19 

12 

16 

32 


Effect of morphine on oxygen consumption of skeletal muscle The mean 
values of no-substrate Qo, of respinng minced skeletal muscle of the four 
groups of rats are presented m table 1 The increases m oxygen uptake pro- 
duced by the addition of vanous supplements are likewise shown in this 
table and are calculated m terms of the percentage increase above the no- 
substrate Qo, for each group The latter figures represent the means of at 
least two satisfactory experiments Representative curves for the effects of 
supplements added to the muscle of rats m each group arc shown m figures 2 
and 3 Each set of curves is characteristic for all experiments in that group 
An e xam ination of the mean values for no-substrate Qo, in the four groups 
(column 1, table 1) reveals a higher value in the animals chronically poisoned 
•with morphine Whereas this finding was consistent and highly suggestive, 
insufficient data are as jet available to prove conclusively that the skeletal 
muscle of chromcallj morphimzed animals respires at a higher lev cl in tnlro 
Experiments are m progress to determine this pomt 

Morphine (0 12 per cent), in the absence of other supplements, produces an 
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increase in oxygen uptake of skeletal muscle ranging from 18 to 27 per cent in 
all of these four groups This may be observed readily m figures 2 and 3 
A concentration of sodium sulfate containing an amount of sulfate ion equal 
to that in the quantity of morphine sulfate used produced no significant effect 
Much smaller concentrations of morphine are effective m producing this 
increase m normal rat skeletal muscle, as is indicated from the representative 
experiment shown m table 2 

Pyruvate as a supplement produces a mean increase of 76 per cent in the 
oxygen uptake of normal muscle whereas the increase m the muscle from 
chronically morphimzed animals is only 30 per cent and is less than 20 per 
cent in all animals of both groups on the thiamin-deficient diet 

Pyruvate and morphine are synergistic in their effect when both are added 
to normal muscle It is evident that the 152 per cent increase produced by 
pyruvate and morphine together is greater than the 27 per cent increase pro- 
duced by morphine and the 76 per cent increase due to pyruvate when each 


TABLE 2 

Effect of morphine sulfate on Qo, of normal rat skeletal muscle 


lfOBPHXXB 

Qo, 

CHAXdX 

per e*nt 


ptr cml 

None 

1 71 


005 

1 99 

+10 

01 

1 91 

+12 

05 

2 18 

+28 

1 

2 60 

+46 

6 

2 55 

+49 


supplement is added singly This synergistic action is lacking in the chroni- 
cally morphimzed or thiamin-deficient muscle , m fact, the addition of the two 
supplements, morphine and pyruvate, produces little more effect than either 
added singly, so that the results are not even additive 
Addition of cocarboxylase increases the oxygen uptake m the presence of 
added pyruvate by normal muscle mince but this effect is not produced in 
chronically morphimzed or thiamin-deficient muscle 
The effects of morphine, pyruvate and cocarboxylase, when present 
together, appear to be additive except in muscle from thiamm-doficicnt 
animals 


Cocarboxylase assays 

A summary of the results of cocarboxylase determinations on brain, liver 
and muscle from animals of the vanous groups is presented in figure 4 Each 
pomt is the average of duplicate determinations on the extract of a given tissue 
and is expressed as micrograms of cocarboxylase per gram of wet tissue The 








FlO 4 COCANBOXTLAM CoKTBHT OF BBAIN LlTE* AND MU*Ct* F*OM NORMAL AND 

Thiamin Deficwkt Rati , IIat* Cheojhcallt Poisoned with Moxntnnc Codhixi 

OB POZNOBARIITAL AND ThIAMIX DnTTCUNT RATI CnKOXtCALLT Po HOMED WTTH 
Mokrrinh 


The cocarboxylase content of all tissues examined of the two groupa of 
animals on a thiamin -deficient diet was greatly reduced. These data are 
presented in the last two columns of figure 4 Tlie mean \ allies for brain 
cocarboxylasc were reduced to approximately 30 per cent of normal m the 
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thiamin -deficient and thiamin-deficient — chromcaUy morphmized ammals 
An even greater reduction was observed m liver and muscle m these two 
groups The mean values for hver and muscle are higher in those animals 
also receiving morphine No significance is attached to these latter findings, 
however, m view of the small number of determinations, the wide individual 
variation, and the possible differences m water and fat content of these tissues 
Since the absolute quantities of cocarboxylase in these tissues are so small, 
expression on a wet weight basis may lead to considerable error 

COMMENT 

We were unable to establish the occurrence of pre-injection irritability m 
the rat dunng chronic morphine poisoning of eight weeks duration by the 
objective struggle method Complete thiamin deficiency decreased rather 
than increased the irritability Whether an increase m irritability could be 
established by chrome thi amin deficiency of a lesser grade over a longer 
addiction period should be established. The foot-gnawing observed in the 
chronically morphmized — thiamin-deficient animals and the shorter life span 
of these animals would indicate that either condition may be aggravated by 
the existence of the other Whereas these results do not support the view 
that all signs of morphine withdrawal are due to a thiamin deficiency, they 
do not deny a possible aggravation of such signs by a coexistent vitamin 
deficiency Himmelsbach (11) was unable to control or even significantly 
affect the withdrawal syndrome m man with massive doses of thiamin 

The results of the cocarboxylase assays seem to indicate that no thiamin 
deficiency existed m these chronically morphmized animals although the 
similarities in the response of chronically morphmized and thiamm-deficient 
muscle to pyruvate and cocarboxylase added in intro might suggest, although 
not prove, that a metabolic defect exists which is common to both conditions 

The increase in oxygen consumption resulting from the addition of morphine 
to normal rat skeletal muscle could be due to any one or combmation of 
numerous factors, among which might be suggested (a) the oxidation of 
morphine, (6) liberation of substrate which is subsequently oxidized, (c) an 
accelerating effect of morphine on the enzymatic oxidation of preformed 
substrate, (d) the inactivation by morphine of some substance which nor- 
mally inhibits oxidations The data presented here do not lend conclusive 
support to any one of these suggested possibilities, although some evidence is 
obtained which might indicate that morphine increases the oxidation of 
pyruvate We are now engaged m studies involving determinations of the 
rate of disappearance of this substrate Similar methods will be required to 
discover whether morphine is oxidized under these circumstances If the 
latter is the case, it is not proven from the results obtained thus far, since no 
quantitative relationship has been established between the amount of extra 
oxygen uptake and the quantity of morphine present 



OPIATES AND INTXEKEDIAET METABOLISM 


391 


The smallest con cent rati cm of morphine sulfate that we have used ( 005 
per cent) produces a significant increase in the oxygen uptake of normal rat 
skeletal muscle This is not an unreasonable concentration to expect in nro 
during the administration of large doses of the drug if we may be allowed 
to draw deductions from the results of previous studies Wolff, Riegel and 
Fry (12) recovered 36 mgm. of morphine per 100 grams of skeletal muscle 
from a dog which had received 1 11 grams per kilogram intravenously during 
a five-hour period If these quantitative relationships are assumed, a con- 
centration of 1 6 mgm pet 100 grams of muscle should have been present 
had 50 mgm. per kilogram been administered a concentration of 0010 per 
cent. Plant and Pierco (13) actually found a concentration of 0016 per cent 
morphine in the skeletal muscle of a non tolerant dog four hours after the 
subcutaneous administration of 50 mgm per Lgm. The uniform findings of 
an increase in oxygen uptake when morphine is added to respiring rat skeletal 
muscle the accelerating effect of morphine on the hydrogen-donating activity 
of a phosphate extract of heart muscle (4) and the suggestive, although as 
yet not conclusive finding of a considerably greater no-substrate oxygen con- 
sumption of chronically morphiniied rat muscle in comparison to normal 
seem to justify a certain amount of speculation regarding the possible rela 
tionahipa of these observations to chronic morphinism Assuming on the 
basis of the previous discussion that a concentration of morphine equal to the 
lowest used m the present experiments ( 005 per cent) may bo obtained in 
the animal body and taking cognisance of the fact that a largo portion of 
the morphine which may be recovered from the body is found m skeletal 
muscle (Wolff Riegel and Fry administered 11.33 grams and recovered 4 48 
grams 2.3 grams of which was from skeletal muscle Plant and Pierce found 
80 per cent of the total quantity which they recovered from tissues to be In 
skeletal muscle), it is then reasonable to advnnco as a working hypothesis 
that this morphine may be exerting a sustained and reasonably uniform 
accelerating action on oxidations in muscle either independently of or in 
conjunction with nervous influences. Furthermore it could be postulated 
that this localised increase in metabolism is not apparent during continued 
administration of the drug due to the masking depressant effect of morphine 
on the cerebrum. Since skeletal muscle represents such a large portion of 
the actively respiring tissue m the bod} a significant increaso in total metabo- 
lism of the animal should be evident when the central effects of the drug have 
abated as in withdrawal providing the local action in muscle is of considerably 
greater duration than the central effect. Plant and Slaughter (14) and 
Barbour Porter and See lye (16) havo shown that such an increase m total 
respiratory metabolism docs occur in the dog after the principal depressant 
effects havo subsided and before any increase m activity of the animal is 
measurable. The evidence at hand docs not warrant a long discussion of the 
possible implications of such a suggests o hypothesis as it relates to tolerance 
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and to the signs and symptoms of addiction Nevertheless, certain facts 
such as the greater oxygen unsaturation of venous blood in human addicts 
during withdrawal (16), the rapid loss of weight m thyroid-fed animals chroni- 
cally poisoned with morphine (17), and many others, could be easily har- 
monized with such a view Obviously, such an hypothesis would have to be 
correlated with the possibility of simultaneous alterations in metabolism in 
other tissues, and increases in activity of certain nervous structures, such as 
the spinal cord (2) 


SUMMARY 

Severe thiamin deficiency was induced concurrently with chrome morphine 
poisoning in albmo rats Although the animals in this group exhibited foot- 
gnawmg and succumbed earlier than the thiamm-deficient controls, no increase 
m the pre-injection irritability was obtained, either in this group or in the 
control groups, by the objective struggle method 
The addition of either morphine or pyruvate results m a marked increase 
in the no-substrate oxygen uptake of normal rat skeletal muscle When 
both are added together, the resultant increase is greater than that which 
would be expected from summation of the two individual effects 
The extra oxygen uptake resulting from the addition of pyruvate to chroni- 
cally morphimzed rat skeletal muscle is less than half of that which occurs 
in normal muscle, and the synergistic increase noted in normal muscle when 
morphine and pyruvate are added is lacking Results of a similar and even 
more striking nature were obtained with thiamm-deficient muscle 
The increase in the oxygen uptake of normal muscle resulting from the 
addition of cocarboxylase m the presence of added pyruvate was entirely 
lacking in both thiamm-deficient and chronically morphimzed muscle 
The cocarboxylase content of bram, liver and skeletal muscle is not changed 
significantly by chronic poisoning with morphine, codeine or phenobarbital 
Neither doe3 the chrome administration of morphine modify significantly 
the degree of reduction of cocarboxylase induced by thiamm deficiency 
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In an earlier communication we reported that about half a given dose 
of amphetamine was excreted as such by the kidneys over a period of 48 
hours (1) We found that this figure was independent of the mode of adminis- 
tration and was not due to excretion of the drug m a conjugated form or to 
the oxidation of one or the other of the optically active forms Later (2) 
we reported that the drug was one of a group of phenj hsopropylammes not 
oxidized by either amine oxidase or phenol oxidase How ever, if liver function 
was impaired, the excretion of the drug became as much as 100 per cent of a 
given dose (1) 

These observations led us to conclude that benzedrine (amphetamine) was 
slowly and partially inactivated m the body The purpose of this research 
was to investigate how this inactivation might be earned out 

PROCEDURE 

This work was divided into two phases In the first wc undertook to determine 
tn vitro whether the reactions described here took place, in the second the significance 
in mvo of one of these processes was investigated 

Extracts containing phenol oxidase were prepared from potatoes according to tho 
method previously described (2) We found this extract to be satisfactory for our work 
and much more eimply prepared than the more highly purified enxjmes of Kubowitr (3), 
and Reihn and Mann (4) 

The amount of ammonia gnen off was estimated bj the following method Two 
160 cc test tubes closed by 2 hole rubber stoppers were connected in senes by glass 
tubing This w-as done in such a manner that air drawn through the tubes could be 
caused to bubble through solutions contained in both tubes The first of the two tubes 
was clamped submerged to its ran in a water bath designed to hold six units and main- 
tained at 37°C The second tube remained outside the bath The first tube contained 
the enzyme or ascorbic acid, amphetamine and buffer, the second contained 40 cc 
of N/20 HC1 Air drawn through the solution in the tube served to oxygenate and agi- 
tate the system The ammonia given off during the reaction was drawn over into the 
HC1 in the second tube The amount of ammonia dissohed in the HC1 was calculated 
by micro-titrating the excess HC1 with NaOH against methyl orange as an indicator 

> Made possible in part by a grant from the Wisconsin Alumni Research Foundation 
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The HC1 iiid NaOH solution* were itar»dardlie>d against N»tCOj, The bath reeled on 
two dec trio hot plate* which oould be u*ed to derate the tempera tar* of the water 
when desired. 

Experiment* were allowed to run for period* ranging from 18 to 34 boor* at the end 
of which time 5 cc of 10 par cent NaOH waa added to each tube In the bath and the 
water brought to 85*0 for 8 hour* to distill oror any ammonia remaining In eolation. 
The teat* and control* wer* act op In duplicate The difference in the average titration 
Talue* for taat* and control* waa u*ed to calculate the amount of ammonia attributable 
to deamination 

For the in riro experiment* 5 dog* were put in metaboliam cage* *o that their total 
urine volume per 34 hour* might be collected Ten milligrams of bensedrin* inlfate 
(calculated aa the amine) were injected dally beneath the loose *ldn of the neck The 
excretion of the drug was followed for at least 4 day* or until the animal was aatnrated 
and th* output of the amine In the urine was fairly constant. 

Following thl* Initial saturation period ascorbic add pin* half ita weight of NaHCOi 
wa* Injected dally Dog* A and B received 200 mgm. of ascorbic add and 100 mgm of 
NaHCOi and the other* 400 mgm- of vitamin C and 200 mgm of NaHCOi per day The 
chemicals were dissolved In 10 oc of distilled water and Immediately injectod into the 
flank of the dog*, the total volume being divided Into 3 or 3 Injection* To be mre that 
the NaHCOi wa* not influencing the result* In dog* C and D the Injection of the base 
waa continued after the vitamin had been stopped In dog E the NaHCOi injection* 
were atarted at the beginning of the experiment and * topped when the ateorblo add 
injection* were discontinued. 

The method for eetlmatlon of amphetamine wt* previously reported by u* (1) 
However the procedure wa* slightly modified for thl* work Instead of 0.3 gram* of 
MgO per aliquot of mine we have found 40 to 50 mgm. portion* of MgO sufficient. With 
these smaller amount* the recovery of a known amount of the amine a* compered with 
the wane amount in aqueou* solution not taken through the adsorption-extraction 
procedure, wa* 100 per cent. Five cc portion* for approximately each 200 ee of the 
total 34 hour urine volume gave satisfactory aliquot* 

We have noted that the temperature at which the coupling reaction occur* ha* an 
appreciable influence on the Intensity of the color produced Coupling at the generally 
available controlled temperature of 87*C give* a more uniform color of greater Intensity 
than when done at room temperature Following coupling the solutions are removed 
from the Incubator room and the ba*e added. We add th* 5 cc of 0 7 per cent NtiCOi 
to the coupled product slowly allow the solution to etand for 15 minutes and then add 
the 1 cc of 10 per cent NaOH drop by drop to produce the red color Rapid addition 
of the NaOH with the omission of the NaiCOi Inhibit* production of the red color 

The colored solution resulting from the coupling of the amine with para nltrobenxene- 
dlaxonlnm chloride wa* extracted with 16 cc of n butanol In* teed of waiting until 
the butanollo extract wa* absolutely dear which might take some time If the separatory 
funnel is vigorously shaken about 15 minutes after the extraction 10 cc of the butanol 
wa* pipetted Into the photocolorimeter tube to which wa* added 0.5 cc of t*o- propanol 
Thl* gave a perfectly dear solution Immediately and wa* much quicker than the older 
method Concentration* from 0 01 toO 1 mgm. amine when plotted against the galvano- 
metric deflection of th* corresponding color intensities oring an Evelyn Photoelectric 
Colorimeter gave a curve of the formula 

x - a — 6 log jr 

where x — concentration In milligram*, jr - galvanometer deflection In cm*, a - 0 108 
and 6 - 0 110 
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Unless one is \erj careful to observe the precautions given abo\e there may occa- 
sionally be deviations of a 0 1 mgm control from the calculated value If the Duboscq 
Colorimeter and serial standards made up at the time of the test be used, this deviation 
does not disturb the results Where the deviation of the control is not great a linear 
correction to the curie introduces an insignificant error 


EXPERIMENTAL RESULTS 

Deamtnation of phenylisopropylaminc aclu aled by phenol oxidase 

In another communication (2) ne reported that in the oxidation of parednne 
(p-hj droxyphenyhsopropj lamme) in the presence of phenol oxidase deamina- 
tion of the molecule occurred We concluded that the o-quinone formed m 
the nng of parednne in one stage of its oxidation v,as capable of oxidizing 
the ammo group on the side chain to the corresponding lmino form, at the 

TABLE 1 


The deamination of amphetamine sulfate by the phenol oxidase p-cresol system 


AUlTHTTAMmE 

SUXJTATE 

p-cnEaoi, 

TUI o Rim CAL 
RECOVERY or NH* 

AMMORIA 

RICO VI RED 

NHj 

RECOVERED 

mgm 

mgm 

mgm 

mgm 

■per emt 

so 

25 

4 6 

1 38 

30 1 

50 

25 

4 6 

1 37 

29 8 

75 

25 

6 9 

0 87 

12 5 

75 

25 

6 9 

0 78 

11 3 

100 

60 

9 2 

1 98 

18 3 

100 

50 

9 2 

1 87 

17 2 

100 

50 

9 2 

1 23 

11 3 

100 

25 

9 2 

1 35 

14 7 

100 

50 

9 2 

4 05 

44 0 

100 ; 

100 

9 2 

5 05 

54 8 


same time reducing the quinone to the o-dihj dnc compound In the presence 
of water the imino radical was replaced by oxygen, ammonia being liberated 
The o-dihydnc phenjl group nas simultaneously oxidized again to the o-qui- 
none state Happold and Raper (6), Robinson and McCance (6), Hubard (7) 
and Pugh and Raper (8) found that in the presence of p-cresol, phenol or 
homoquinone phenol oxidase was capable of oxidizing gl\ cine, phcnj lalanme 
and leucine with the liberation of ammonia Apparent]} the reaction was 
similar in the se\ eral instances 

It seemed possible then, that in the presence of such compounds and phenol 
oxidase amphetamine might be deaminated To test this hypothesis ne 
used the method for measuring ammonia production described aboic In 
the control tubes were contained 10 cc of phenol oxidase extract, p-cresol 
and 30 cc of M/20 phosphate buffer, pH 7 0 These tests were set up simi- 
larly with the addition of a weighed amount of benzedrine sulfate added in 
solution m the buffer 
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From table 1 it may be seen that deamination did occur and that by varying 
the concentrations of amphetamine and p-cresol we could account for 113 
to 543 per cent of the theoretical amount of ammonia, assuming complete 
d eamin ation of amphetamine and recovery of the ammonia It is probable 
that deamination was not complete or that some of tbo ammonia might have 
reacted with other substances such as aldehyde* present in the phenol oxidase 
preparation The following equation is suggested for the reactions leading 
to the production of ammonia. 


CH* CH» CH CHj — CH — CH* 



O 

CH| — C — CHi CHi CHr — C — CH* 



OH 


It is possible that H*Oi is formed in the course of the reaction, but this expen 
mont permits no conclusion as to its place in the equation. 

Whether this type of deamination could occur in the bod} is not certain. 
The probability of its occurrence is just as great as that of the formation of 
mo lan ins in the body by the oxidation of tyrosine activated by phenol oxidase 
(tyromnaao) In the formation of melanin* from tyrosine as presented b} 
Evans and Raper (9) and in the renew by Raper (10) o-quinones are formed 
which might act as hydrogen acceptors. However the physiological signifi- 
cance of phonol oxidase m mammalian tissues is still uncertain (11) though 
Block (12) Pugh (13) Charles (14) and Charles and RowJcs (16) ha\c 
reported tyrosinase reaction of tissue from mammals and birds 

Deamination of amphetamine t n ntro by atctnbic aad 

Since 1037 Abderbaldcn has reiterated that ascorbic aad was capable of 
deaminating certain amino acids with the production of NH* COi and the 
corresponding aldehjdee (16) Earlier Euler Karrcr and Zchender (17) 
observed that dehydroaseorbic acid was capable of deaminating leucine with 
the formation of strongly reducing aldchj dee or kotones Holts also demon 
st rated that ascorbic acid was capable of deaminating ammo acids and of 
decomposing unlnarolca and purines tn ntro (18 19) From these and other 
observations of our own it seemed possible that ascorbic add oxidised to 
dehydrooscorbic aad might play ft rfile in the inactivation of amphetamine b} 
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deamination The stages m the reaction involving inactivation could be 
written as follows 

0 

II 

c— 

1 

HO — C 

II o 

HO— € 

I 

H — C — 

I 

HO— C— H 

I 

Hi — C — OH 

0 

II 

HO— C 

II o 

HO— C 

1 

H— C — 

I 

HO— C— H 

I 

H,— 0— OH 

The method used for measuring deamination was that described in the 
Procedure The solutions were buffered at pH 7 0 using 40 cc of M/40 
phosphate buffer The following table 2 summarizes a group of experiments 
estimating the amount of ammonia produced during the reaction This 
amounted to about 30 to 40 per cent of the theoretical production, assuming 
that deamination went to completion. However, it is unlikely that the reac- 
tion goes to completion only as indicated This is probably only one of the 
reactions that may be invohed For example, Parrod (20) has reported 
that the oxidation of ascorbic acid in the presence of primary amines, oxygen 
and an alkaline medium gives nse to a senes of oxamides and N-substituted 
analogues Some of these products may be responsible for the golden yellow 
color that tints the solution containing ascorbic acid and benzednne when 
air is bubbled through 

Whether ascorbic acid exists in the body in an oxidized form that would 
be necessaiy for these reactions has been disputed Basis for argument 
that dehydroascorbic acid does not exist in the body are the m intro expen- 
ments which show that solutions of ascorbic acid are stabilized for the most 
part by an excess of compounds having a sulfhydryl group which is capable 
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of undergoing oxidation and reduction, Le glutathione and cystine How 
ever, the experiments of Btotx, Horror Sch ultra and King (21) demonstrated 
that a alow oxidation of added vitamin C did occur in guinea pig liver bren 
The nature of the reaction and the effects of inhibitors indicated that the 
cytochrome-cytochrome oxidase system was involved. The glutathione 
naturally present in Ever brei was unable to protect added ascorbic acid from 
oxidation. That the cytochrome-cytochrome oxidase is capable of oxidiring 
ascorbic acid has also boon reported by Keilm and Hartree (22) and has been 
observed by us. 


TABLE 3 

Tk* deamination of amphetamine tvifalt t>jr the dthydroatarrbie-ascorbic acid tyiUm 


iDirrunn 

itriTvra 


T*XO*» TJUT 1 

xroororr or NHi 1 

AHXOWtl 

ncortui 

NH 

axooran 


mr*. 


mtm. 

ywmU 

60 

60 

4 6 

2 42 

62 7 

60 

100 

4 0 

2 65 

65 5 

60 

100 

4 6 

1 48 

82 2 

75 

00 

j 0 9 

2 48 

30 0 

76 

60 

0 0 

1 00 

24 0 

76 

160 

0 9 

2 20 

33 0 

100 

so 

0 2 

2 62 

77 0 

100 

100 

0 2 

4 40 

48 0 

100 

100 

9 2 

2 94 

33 0 

100 

100 

0 2 

2 61 

28 4 

100 

100 

0 2 

8 60 

3S 8 


The tn wo tnaeittaiion of amphetamine by ascorbic acid 

Interesting as are the tn ntro experiments with ascorbic acid doamination 
of amphetamine the physiological significance of such a relationship between 
the two compounds can only be evaluated by animal experimentation For 
this reason we turned to experimentation on dogs for a solution of the prob- 
lem The methods used in this part of the experiment have been described 
in the Procedure 

The results on five dogs are given in table 3 It Is apparent that in overy 
instance following saturation of the dog and establishment of control ex 
cretion levels for tho drug, the administration of vitamin C reduced the 
excretion of the drug to about 36 per cent of the control levels. This reduc 
tlon was always delayed and gradually became more apparent as the dogs 
were saturated with the vitamin Withdrawal of ascorbic aad caused the 
excretion of the amine to regain its control level in every instance except one 
Presumably In the exceptional instance not enough time was allowed for 
complete recovery Administration of the •vitamin did not demonstrably 
result in conjugation of the amine since acid hydrolysis of the urine did not 
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TABLE 3 

The effect of ascorbic acid on the daily excretion level of amphetamine 


Dogs A and B received 200 mgm ascorbic acid (C) + 100 mgm NnHCO, Dogs C, 
D, and E received 400 mgm ascorbic acid + 200 mgm NaHCOj 


24 HOUR 
PERIODS 

UHIMX TOIr- 

UUE PER 
24 HOURS 
(cc.) 

UQU XX 

ciurrxD 

PER 24 

HOURS 

24 HOUR 

PERIODS 

URINE VOL- 
UME PIR 

24 HOURS 
tec) 

- MOM EX 
CRETE D 

PER 24 
HOURS 

24 HOUR 

PERIODS 

URINE VOIr 
VUE PE* 
24 HOURS 

(re ) 

• MOM EX 
cnrrzD 
PER 24 

HOURS 

Dog A 

Dog B 

Dog C 

■SI 

730 


El 

570 

4 86 

3rd 

675 

4 26 


300 


■n 

530 

4 11 

5th 

660 

5 70 

m 

365 


4th 

540 

4 20 

7th 

375 

6 18 

Began C + NaHCOj on 6th day 

Began C + NaHCOj 7th day 


1025 

0 90 

12th 

235 

1 04 

11th 

! 560 

2 39 


800 

1 42 

14th 

245 

2 20 

■ ; B 

280 

2 59 

14th 

450 

1 48 

16th 

225 

2 26 

1:1 

| 650 

1 82 

Stopped C + NaHCOj on 16th day 

Stopped C on 12th day 

19th 

776 

2 94 

20th 

450 

3 54 

16th 

400 

3 42 

20th 

845 

4 70 ; 

22nd 

625 

4 10 

16th 

876 

4 20 

Dog D 




Dog D 







Started NaHCO 

i with 


1 

1 

, 



experiment 

3rd 

770 

4 63 




2nd 

675 

3 38 

5th 

1025 

5 02 




4th 

405 

3 86 

7th 

510 

6 22 




7th 

240 

2 83 

Began C 4* NaHCOj on 




Began C on 6th daj 


6th day 








9th 

1005 

2 51 




11th 

135 

0 96 

10th 

980 

2 32 




12th 

460 

0 94 

11th 

370 

1 93 




13th 

306 

0 98 

Stopped C on 11th da> 




Stopped C 4- NaHCOj 







on 13th da} 

13th 

870 

4 70 




14th 

335 

1 04 

14th 

455 

3 94 




16th 

340 

1 92 


increase the recovery of amphetamine The NaHCOj acted onlj to neu- 
tralize the ascorbic acid solution and can be seen to ha\e no effect on the 
experiment 
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BUMMABT 

That amphetamine is capable of undergoing inactivation m the body and 
the means whereby this may be accomplished have been described 

'Hirough the intermediation of a monohydno phenolic compound (p-cresol) 
phenol oxidase has been shown to be capable of activating the deamination of 
beta phenj hsopropylamine. 

Ascorbic acid may play a rflle in the m activation of amphetamine. By 
means of tn vitro experiments it was shown that the drug was deaminated m 
the presence of ascorbic acid and oxygen buffered at pH 7 0 In dogs tho 
daily administration of 200 or 400 mgm. of vitamin C reduced the excretion 
of the amine to about 36 per cent of the control output of the animals. In 
these experiments then the excretion of the drug was dependent at least in 
part on the vitamin C content of the animals. Aa the ascorbic add content 
was increased and more of it made a\ ailable for inactivation purposes the 
excretion of the amine waa diminished As the ascorbic acid level of the 
animal subsided the excretion of amphetamine by the kidney increased to the 
control levels. 

The author wishes to acknowledge his indebtedness to tho Smith Kline 
and French Laboratories for a grant making possible for this work tho tech 
meal assistance of Mr W Vernon Lee and to Dr Walter J Meek for his 
criticism of the work and this paper 
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